The 

Journal of Parasitology 

The Official Organ of the American Society of Parasitologists 


Founded by HENRY BALDWIN WARD 

VOLUME XXVII 

1941 


EDITORIAL BOARD 


HAROLD W. BROWN 

('iikvrsiiy of Norih Camlimt 
ASA C. CHANDLER 

RiiY ! list it Hi if 

WILLIAM W. CORT 
Johns Hopkins University 
RICHARD R. HALL 
Mew York University 
1. HAROLD HINMAN 
Tennessee UaHey Authority 
HAROLD W. MANTER 
(kiiversity of Nebraska 


REGINALD D. MANWELL 
Syracuse University 
JUSTUS R MUELLER 
Syracuse Universify 
CORNELIUS B. PHILIP 
IL. S. Public Health Service 
BENJAMIN SCHWARTZ 

U, S. Bureau of Animal Industry 
ERNEST E. TYZZER 
Harvard University 
DAVID H. WENRICH 
University of Pcmtsylvania 


EDITORIAL COMMITTEE 

NORMAN R. STOLL, Chairman 
Rockofcltcr Institute, Princeton, N, 
WILLIAM H. TALIAFERRO 
University of Chkayo 
WILLIAM A. RILEY 
University of Minnesota 



CONTENTS OF VOLUME 27 


FEBRUARY, 1941, NUMBER 1. 

D. IL Wexricii, Portrait Frontispiece 

Wenrich, D. H. The AIorphology of Some Protozoan Parasites in Rela- 
tion TO iVrKWrECHXIQUE 1 

Madsen, Hoiger. The Occurrence of PIelminths and Coccidia in Par- 
tridges AND Pheasants in Denmark 29 

Beaver, Paul C. Sthdies on the Life History of Enparyphium melis (Trem- 

atoda: Ecuinostomidae) 35 

Culbertson, James T. Trypanosomiasis in the FloriDx\ Cotton Rat, 

Signiodtm hispidns Ufforalis 45 

McCoy, O, R., Vincent F. Downing and Stanley N. Van Voorhis. The 
Penetration of Radioactive Phosphorus into Encysted TricMncUa 

Larvae ^ ■ . ; . . 53' 

Walton, A. C. Amphibian Nematodes from the Gaspe Peninsula and 

Vicinity . , . v.,. . ■ '59 

McConnaughey, Bayard. Two New Mesozoa from California, Dicycmcn- 

nca calijornica and Dicyemeiinca hremccphala (Dicyemidae) 6,3 

Young, Martin D. and Coyt Ham. The Incidence of Intestinal Parasites 

IN A Selected Group at a Mental Hospitai 71 

Culbertson, James T. Natural Transmission of Immunity Against 
Trypanosoma Vaccinated Mother Rats to Their Young. . . 75 

Wharton, G. W. The Function of Respiratory Pigments of Certain 

Turtle Parasites 81 

.Research Notes. 

Reardon, Lucy V. Incidence of Endamocba histolytica and Intestinal 

Nematodes in a Georgia State Institution 89 

Stabler, Robert M. Intestinal Protozoa in 106 Parasitology Stu- 

dektS' ...... ... . .... . ... 90 

Knutson, Herbert. The Occurrence of Larvae of the Stable Fly, 
Ulnsciua stabulans (Zett.) in Living Nymphs of the Grasshopper, 

XanthippHs corallipcs pimthcrinns (Sc.) 90 

Maldonaldo, Jose F. and W. A. Hoiffman. Tamerlan ea brag at, . a Para- 
site OF PiGEruNs IN Puerto Rico 91 

Hussey, Kathleen L. Partial Twinning in a Stylet Cercaria 92 

Janer, Jose L. ^Iiracidial Twinning m Schistosoma mansonl 93 

Spurlock, G. M. A Stomach Tube for Mice 93 

Review 95 

APRIL, 1941, NUMBER 2. 

Leigh, W. Henry. \^\riatk>n in a New Species of Cestode, Raillietina 

(Skrjabinia) rarialhia, from the Prairie Chicken in Illinois 97 

Levin, Arthur J. Recovery of TrichineUa spiralis Larvae in Early Stages 

OF fNFErrroN 107 

Faust, Ernest Carroll, E. Perry Thomas and Jack Jones. Discovery of 

Human Hkartworm Infection in New Orleans 115 

Cort, W. W., Louis Olivier and D. B. McMullen, Larval Trematode In- 
fection IN Juveniles and Adults of Physa parkcri Currier 123 

DeEds, Floyd and John D, Thomas. Studies on Phenothiazine. IX. 

The Biliary ILncretion and Anthelmintic Action of Thionol 143 

Rodgers, L. Ormand. Diplorchis scaphiapi, a New Polystomatid IMono- 

GENEAN Fluke from the Spadefoot Toad 153 

Mizeile, John D. Studies on IVIonogknetic Trematodes. IV. Anchoradis- 
tus, A New Dactvlogvrid Genus from the Bluegill and the Stump- 
Knocker SUNFISH 159 



Cheatum, E. L. Dcndritohilharma anaib^^^ n. sRj a Blood Fluke from 

THE Mallard • ...... . . ... ........................ ...... 

Hi!l, William C. Gryporhyncliiis tetr orchis, a New Dilepidid Cestode from 

THE Great Blue Heron . 

Chandler, Asa C. Helminths of Muskrats in Southeast Texas 

Research Notes. 

Chandler, Asa C. Two New Trematodes fro^i the Bonito, Sarda sarda, 

IN the Gulf of Mexico 

Chandler, Asa C. A New Spiruroid Nematode, Habroncma amcricanum, 

FROM THE Broad-Winged Hawk, Buteo plafyptcnis 

McNeil, E. and W. R. Hinshaw. The Occurrence of Ilcxamita {Octo- 

mitus) coJumbae in Pigeons in California 

Cuckler, Ashton C. and Lawrence R. Penner. Ccrcaria clongata 
Brackett/ 1940, from a New Snail Host. McHctus cxacuoHs (Say), 


JUNE, 1941, NUMBER 3. 

Charles Wardell Stiles (1867-1941) * • 

Christensen, John F. The Oocysts of Coccidia FRo:st Domestic C.vttle in 
Alabama ( U. S. A.) , with Descriptions of Two New Species ........ 

Larsh, John E., Jr. CoraUobtnhrkim ^ n. sp., .v Cestode from the 

C0.MM0N Bullhead, xdmciunts nebulosus Le Sueur 

Hobmaier, 'M. Description and Extramaaimalian Life of Crenosoma 

mxphitidiSK . sp. (Nematoda) in- Skunks ' 

Hobmaier, M. ■ ExTRAAtAMAiALiAN Phase of Physalopiera maxillaris Molin, 

1860 (Neaiatoda). ...... 

Hobm.aier, .M. E-Xtramammalfan Phase of ShrjaMngyhis xhitwoodDrum 

, (N.EAIATODA) . . ... . ... — . . . . ; 

Chandler, Asa C. The Specific Status of Mimilij'orniis { Acaxthoceph.xla) 
OF Texas Rats, and a Review of the Species of 1'his Genus in the 

Western Hkmisflieke 

Manwell, Reginald D. Avian 'roxoPLASMosis with Inv asion of the Eryth- 

, ROCYTES . . . . ......... . ........ .. . ... . . 

Van Cleave, Harley J. and Charles M. Vaughn. The Trematode CxKnus 

Otodistomum in North .America 

Wilson, Francis H. The Slender Lice c»f American Pigeons and Doves 

WITH Descriptions of Two New Species 

Kates, K. C. Observation.s on the X'iabilitv of Ilggs of Lungwiirms of 

.. Swine . . . v,* 

Reviews - 

American Society of Parasitologists. 

Sixteenth Annual J^Ieeting, Philadelphta. Pa.. December 30 and 31, 

1940, AND January 1, 1941 

Changes in Membership Roster - . — 

Report of the Committee on Nomenclature Concerning Trichuns vs. 
TrichocephahiS , and the Status of Dioctophyma , Diocfophymc and 

■ Eiutrangyhis . — . 

Announcement of Place of Seventisenth Annual Meeting 

AUGUST, 1941, NUMBER 4. 

Pratt, Ivan and G. D. Barton. The Effects of Fol’r Species of I.akval 
Trematodes upon the Liver and Ovotestis of the Snail, Siagnkohi 


I 

i 


CONTENTS OF VOLUME XXVII iii 

Stunkard, Horace W. Studies on the Life History of the Anoplo- 

CEPH ALINE CeSTODES OF HaRES AND RABBITS 299 

Sails, Herbert. Studies on the Morphology of E, hist olytka-mKE 

Amoebae Found, in Monkeys , ;. 327 

Olivier, Louis and W. W. Cort. Cercaria doiiglasi Cort^ 1917 and Its Rela- 
tion TO THE Cercaria of Cofyhmis flabeUiformis (Faust, 1917) 343 

Beaver, Paul C. The Life History of Echinochasmus donaldsoni n. sp.^ a 

Trematode (Echinostomidae) from the Pied-Billed Grebe 347 

Landsberg, J. W. and C. F. Lischer. Anthelmintic Studies on the Mono 

Etpiers of the Dihydroxy Benzenes 357 

Research Notes. 

Roth, Hans. Occurrence of Trichosij^ongylus colubriformis in the 

Guinea. Pig ; ^ 363 

Rothschild, Miriam. Note on Life Histories of the GENVs Para- 
?D0D(wif£3mH?wLtJiiE, 1909 (Trematoda : Notocotylidae) WITH Special 

Reference ■ to the .Excretory" Vesicle 363 

Coulston, Frederick. Thermal Deathpoint of the Ery^throcytic 

Stages of circmnfteximi . . ......... ... . . . . ... 365 

Moorman, Albert E. Balantidinm coH and Pinworm in a Chimpanzee 366 
R,ev.iew ^ 367 

OCTOBER, 1941, NUMBER 5. 

Ripple, Richard C. Studies on the Gapeworm Syngamus trachea (Mon- 
tagu, 1811 ) IN Robins and Chickens . . . , 369 

Leonard, A. Byron and Alice E. Leonard. The Intestinal Phase of the 

Resistance of Rabbits to the Larvae of Taenia pisiformis 375 

Wetmore, Psyche W. Blood Parasites of Birds of the District of Co- 
lumbia and Patuxent Research Refuge Vicinity 379 

Hopkins, Sewell H. New Genera and Species of the Family Monorchi- 

H>AF. (Trkmatoda), with A DISCUSSION OF THE Excretory System 395 

Noble, Elmer R. On Distribi’tion Relationships between California 
Tide Pool Fishes and Their Myxosforidian (Protozoan) Parasites.. 409 
Farr, Marion M. and George W. Luttermoser. Comparative Efficiency of 
Z iN(’ Sulfate and Sug.yr Solutions for the Simultaneous Flotation 

OF CocciDiAL Oocysts and Hel.minth Eggs 417 

Davis, Gordon E. Orniihodoros parkcri Cooley: Observations on the 

BioLo<;v OF This Tick 425 

Mclvor, Barbara Catherine. A New Spe(Me.s ok Ornithodoros Tick from 

Nevada c Ac a ion a: Txodoidea) 435 

Cort, W. W„ Louis Olivier and Sterling Brackett. The Relation of 
PhYSID and Pf.ANORBH) SNAILS TO THE LiFE CVCLE OF THE StRIGEIB 

Trematodk, Coiylurns flabeUiformis (Faust. 1917) 437 

Tetley, J. H, Si*Jcri„E Length in Cooperla curticci as a Measure op Favor- 
able Intestinal Environment for This Intestinal Nematode of Sheep 449 
Tetley, J. H. Uaemonchns caniorins Eggs: Comparison of Those in Utero 
WITH Those Recovered from Feces, and a Statistical Method for 

Identifying //. conforius Eggs in Mixed Infections 453 

Research Notes. 

Chandler, Asa C. A Case of Urinary Myiasis 465 

Travis, Bernard V. Examinations of Wild Animals for the Cattle 

Tick lUmphilus anuulahis microplus (Can.) in Florida 465 

Katz, Julius S. A Collection of Ohio Ticks and Their Hosts 467 

Goodnight, Clarence J. Pterodrilus akkornus in Virginia 468 

I N IvIemoriam, Adolpiio Lutz ( 1855-1940) 469 

A^ierican Society of Parasitologists. 

Preliminary Announcement, 17th Annual Meeting, Dallas, Texas, 

Dec. 29-31, 1941 472 



CONTENTS OF VOLUME XXFII 


iv 

DECEMBER, 1941, NUMBER 6. 

Tetley, J. H. The Differentiatiox of the Eggs of the Trichostroxgylid 


Species Nematodirus filicoUis axd N . spathigcr 4/3 

Tetley, J. H. The Egg-Layixg Function of a Nematode as Shown by 

Study of Nematodirus Eggs in Utero 481 

Cort, W, W. and Louis Olivier. Early Developmental Stages of Stkic.eid 

Trematodes in the First Intermediate Host 493 

Lucker, John T. A Redescription of Coniracaccum midiipapillatum (von 

Drasche, 1882) (Nematoda: Axis akin ae) 505 

Hazard, F. O. The Absence of Opalinids from the Adult Green Frog, 

liana clannians 513 

Fischthal, Jacob H, and Leonard N. Allison. Acolpcntcron urctcroccctcs 
Fischthal and Allison, 1940, a Monogenktic Tiuumatode from the 
Ureters of the Black Basses, with a Revision of the Family Cal- 

CEOSTOMATIDAE (GyRODACTYLOIDEA) 517 

Feldman, Seymour I. Studies on the ^Morphology and Biology of a 

Fsxlostome Fluke : ,525 

Oifutt, Edward P., Jr. and O. R. McCoy. The “Gopher/-’ Citdlus rkhard - 

sonii (Sabine), as an Experimental Host for Trichindla spiralis 535 

Resp:arch Notes. 

Hoff, C. Clayton. A Case of Correlation between Infection of Snail 

Hosts with Cryptocotylc lingua and the Habits of Gulls 539 

Ingram, William Marcus. The Helminth Fauna of a Ract’Oiin ..... 539 
Wohnus, J, Frederick and Dwight L. Ryerson. Hematozoa from 

' California Birds — ......... 540' 

Hardcastle, A. B. Paragonimus in a Cat from North Carouna ...... 54! 

Stauber, Leslie A. The Polvci.ad, Hoploplana inquilina thaisana Pearsk. 

1938, FROM THE Mantle Cavity of Ov.ster Drills ... 541 

Fujita, Tsunenobu. New Names for Metahranema saiveiini Fujita and 

Cystidicola miniita Fujita 542 

Hegner, Robert and Redgina! Hewitt. Genus Name Mariincda 

Changed to Mariiuc::idia 542 

.Index for Volume 27, Number.s- 1-6 543 ^ 

Index for December, 1941, Supplement . , 553 

DECEMBER SUPPLEMENT, 1941 
Axierk'an Socnrrv of pARAsrroLOGLsi’s. 

Program, I/th Annual 3v1eeting, Dallas, Texa.s, Dkil 29-31, 1941 1 

. yA.uthor Index ■ .'9 

Abstracts ■ ..... ... . .... „ , , 111 

Officers 3o 

Constitution and By-lam's 42 





The Journal of Parasitology 


Volume 27 


FEBRUARY, 1941 


Number 1 


THE MORPHOLOGY OF SOME PROTOZOAN PARASITES IN 
RELATION TO MICROTECHNIQUE* 

D. H. Wenrich 

Zoological Laboratory, University of Pennsylvania 
INTRODUCTION 

The Importance of Technique 

To a considerable extent the diagnosis of parasitic protozoa, and cer- 
tainly the study of their detailed morphology, is dependent upon the 
application of technical processes of fixation and staining, and the neces- 
sary accessory procedures. It might be well to. emphasize that in the 
experience of my co-workers and myself, the diagnosis of intestinal pro- 
tozoa is very much aided by the study of properly prepared fixed and 
stained smears. In our survey of college students (Wenrich, Stabler, 
and Arnett, 1935), we made a comparison of the relative efficiency of the 
examination of fresh smears in saline and iodine with that of the exami- 
nation of fixed and stained slides. For 700 of the students, the stained 
slides furnished 11.2 per cent more positives than the fresh preparations. 
The advantages were different for different species. For example, 15.2 
per cent more positives for Endolimax nana, 34.5 per cent moi*e for E, 
histolytica j and 61.3 per cent more for Dientamoeba were detected through 
the study of stained slides alone than were seen on the fresh preparations 
alone. The tendency to get away from the study of prepared slides in 
making such surveys is to be deplored. 

Because of the importance of the utilization of appropriate techniques 
in making permanent preparations, it seems worth while to consider some 
aspects of microtechnique in relation to the morphology of these parasites. 
In the following presentation consideration will be given primarily to 
intestinal protozoa. 

For more than twenty yeafrs I have given much attention to intestinal 
protozoa and have therefore been forced to evaluate the relation between 
their apparent organization and the techniques employed in their prepara- 
tion for study. It was soon realized that many protozoa present different 

appearances wffien treated in different ways and a certain amount of ex- 
^ f 

* Address of the Retiring President, American Society of Parasitologists, 
December 31, 1940, Philadelphia. '' 
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jjeritiientatioii with techniques was a natural result. Among the other 
conclusions from this study may be noted ( 1 ) that the same technique 
does not always produce the same result with the same species of parasite, 
because of the variability of the parasites themselves and the variability 
of the environments in which they are found; and (2) that different 
species^ often give very different results to the same teclmi([ue because (>1 
inherent syjecific differences. 

Results Previously Published 

In successive publications from my laljoratory, dealing with intestintil 
])rotozoa, some results of the emphn-ment of various techniques have Iteen 
reported. I may refer to the work on Triclioiiionas niiiris (1921) in 
which it was noted that Schaudinn’s fluid produced more shrinkage th;in 
Allens modification (tf Bouin’s; that cytoplasmic vacuoles showed stain- 
ttble contents after fixation with sublimate-acetic but did not after fixation 
with Schaudinn’s fluid; also that the parabasal body of this flagelkite did 
not usually stain with Heidenhain’s hemato.xylin .after fixation with 
Schaudinn’s but did stain after Flemming’s fluid and others containing 
chromic acid or osmic acid or both. Further, reference ma\- be made to 
the studies of Freeman (1929) and Stabler (1932b) showing that vari- 
ous reagents were effective in producing "buds" on the cysts of Rntu- 
nwcha coli, and that of Segal (1932) who reported similar results for 
Eudolimax luuia. In 1932 Stabler showed that when 13 to 20 per cent 
of acetic acid was added to the Sch.audinn’s fluid in which Eitdoliimix 
mma was fi.xed, the peripheral layer of the nucleus iit this .species sttiined 
more distinctly with iron hematoxylin, while the endosome stained more 
faintly. In a joint note with Doctor Geiman (1933) it was pointed out 
one-half-strength Schaudinn’s fluid gave as satisfactory a fixation of 
many intestinal protozoa as the full-strength mixture. The study on 
lodauiocha (1937b) showed that higher concentrations of .acetic acid 
in Schaudinn’s fluid produced less stainabilily of the endo.some of the 
cyst nuclei and that hemalum did not stain the endos(,inie (if cyst nuclei 
as intensely as Heidenhain’s hematoxylin. In a paper on Dicniaiuiiclhi 
(1937a) it was shown th<at the nuclei of this species u.sually fail to stain 
after fixation with Schaudinn’s fluid unless a relatively high jiercentage 
of acetic acid is added, and that excellent stainability usually follows 
fixation with Bouin’s or Htjllande’s fluids. The paper on nuclear struc- 
ture and division in Entamoeba muris (1940) recorded among other 
things that the endosome does not stain with hemalum :ifter fixation 
with Schaudinn’s fluid and that there are two groups of clironiosome-like 
bodies in the dividing nucleus one of which re.acts to the Feulgen tech- 
nique and the other does not. and finally reference may be made to the 
recent progress reports in the Yearbook of the American Philosophical 
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Society in which some of the results of more systematized experimenta- 
tion techniques are briefly recorded ( 19^^ 

It will be both impossible and inappropriate to record all the varia- 
tions in technique that have been followed during the past twenty years. 
Several thousand slides have been made and examined and over 130 dif- 
ierent chemical agents or dilutions or combinations of them have been 
tried as fixatives. Not so much has been attempted with different stain- 
ing nietliods. Certain of the more important results will be presented. 

Acknoudedgmenfs 

Since the material on which these studies have been based has been 
accumulated over a period of more than 20 years, I am indebted to many 
sources and a good many individuals for assistance. For financial assis- 
tance I am indet)ted to the Special Research Fund of the University of 
Pennsylvania, tlie Penrose Fund of the American Philosophical Society 
and a special research fund contributed by John Wyeth and Brother of 
Philadelphia. For assistance at various times in carrying out technical 
processes I am indebted to Doctor Quentin M. Gei man, Doctor R. M. 
Stabler, and especially to Doctor Sarah H. Stabler. For assistance in 
securing source material I am indebted to a good many persons but more 
especially to Doctors A. D. Waltz, R. M. Stabler, John H. Arnett, H. A. 
Shelanski, J. H. Clark, A. L. Luchi, and M, M, Rothman, and Mr. R. L. 
Brown. Mr. Brown also made the drawings for Figs. 71 and 72. 

COMMENTS ON TECHNICAL TROCESSES 

Routine Procedures 

Fecal smears were made by diluting feces with modified Ringer s 
solution to make a thin paste which was spread out on a cover glass with 
the curved ])oints of a small pair of forceps. The smear was then dropped 
smear-side down on the surface of the fixing fluid which was usually 
placed in a Petri dish. The smear was then turned over and i^laced with 
the smear-side up on the bottom of the dish. The first washing was gen- 
eral!}' in 50 per cent alcohol, after which the preparations were transferred 
to 70 per cent alcoh<jl where they were kept until staining was undertaken. 
The graded alcohol series was usually 10, 30, 50. 70, 83, and 95 per cent, 
or the ](.)west three were 5, 1 5, and 30 per cent. From 95 per cent alcohol 
the pre])arations were cleared in a mixture of oil of thyme (3 or 4 parts) 
and oil of cloves (1 part) followed by xylol. 

The Feulgen technique used was the standard one described in 
McChmg’s ( 1937 ) Handbook of Microscopical Technique, usually accom- 
j)anied with Fast Green as a counter stain. In using iron hematoxylin, 4 
per cent ir(.)n alum was used as the mordant, customarily for 24 hours or 
overnight, and 0.5 per cent aqueous hematoxylin as the stain, for an equal 
length of time. 
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Temperature 

It is generally agreed that a warm reagent will act more rapidly than a 
cold one. It is a common practice to warm fixing solutions before use. 
Some years ago Miss Miriam Scott (now Mrs. A. M. Lucas) conducted 
temperature experiments for me with Schaiidinn’s fluid as the fixative and 
Paramecium as the experimental material. She found that fixing at 45 
degrees C gave the most satisfactory results. Since that time I have fixed 
material at betw^een 40 and 50 degrees or at room temperature. With 
the common intestinal protozoa, I have been unable to detect any signifi- 
cant difference as between fixation at the room or higher temperatures ; 
hence, nearly all experimental fixations have been made at room tern- 
peratui'e. 

Fixation Time 

It is customary to fix blocks of tissue for hours or days in many of 
the common fixing agents. It would seem obvious that thin smears 
would not require so much time. My experiments have shown that, in 
general, fixation for one minute produces as satisfactory a result as fixa- 
tion for one to many hours. Often the shorter exposures produce better 
results than the longer ones. 

H cid enhain's Hematoxylin 

Iron alum hematoxylin is widely used and has the great merit of giving 
sharp differentiations of black-stained parts against backgrounds contain- 
ing little or no stain. It is commonly employed for sectioned material 
and for smears. There are some obvious disadvantages in its use for 
smears. A relatively sliglit difference in thickness of a smear may make 
the difference between proper differentiation in the thinner areas and 
undestained black in the thicker areas, or, if the thicker areas are destained 
enough, the thinner ones become unstained. Bulky protozoa, such as 
many of the ciliates, do not usually give good results because of their too- 
great thickness. Some of the difficulties can be overcome by destaining 
wdth very weak iron alum, such as 1.0 or even 0.5 per cent, as recom- 
mended by Sharp (1914), or by destaining wdth a saturated aqueous 
solution of picric acid as suggested by Tuan ( 1930) , Alcoholic solutions 
of picric acid, e.g., in SO or 70 per cent, will destain much more rapidly, 
but the more rapid action may nullify the benefits of the slower action of 
the aqueous solution. I have found the aqueous picric destaining method 
advantageous for amoebae, ciliates and certain sporozoa. It has not been 
so successful for flagellates, because the differentiation 'of cytoplasmic 
structures is not so sharp as when destaining is done with 2 per cent iron 
alum. 

The iron hematoxylin method as described in the books calls for mor- 
danting, for from 2 to 24 hours and staining for an equal length of time. 
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When quick results are not required it is often convenient to employ the 
24-hour schedule. If haste is essential, the time can be reduced to 20 to 
30 minutes at room temperature or even to 2 to 5 minutes if the tempera- 
ture is raised to 35 or 40 degrees C as suggested by Craig and Faust 
(1937). I find these short-time treatments to be serviceable for diag- 
nostic purposes, but they are often more capricious and less enduring 
than the results of the longer treatments. 


Other Stains 

I have experimented relatively little with different stains. The long 
time usually allowed for Heidenhain’s hematoxylin makes it desirable to 
find a less time-consuming substitute for diagnostic purposes, at least. 
In many laboratories, Delafield’s hematoxylin is the standard stain for 
tissue sections, and it has naturally been employed also for smears of 
intestinal protozoa. In my experience this stain is not very satisfactory 
for routine practice. Hemalum is quicker and, I believe, gives better 
results. It is not supposed to overstain, but if it does, it may be slowly 
destained with one per cent solution of potassium alum. After staining 
and w^ashing the smear should be thoroughly alkalinized either by a longer 
w’^ashing in tap water or a treatment with water containing a trace of 
ammonia. This stain is not advised for flagellates, since it does not stain 
cytoplasmic structures well. It may also fail to stain the endosomes 
of endozoic amoebae, hence its use must be accompanied by proper pre- 
cautions in interpretation. Phosphotungstic acid hematoxylin has been 
recommended by some technicians, but it is less satisfactory than Heiden- 
hain's. It may stain elements not stained by Heidenhain's and hence is 
valuable as a member of a series designed to bring out all possible struc- 
tures. ■ 

Fetilgen^s Nucleal Reaction 

It has often been surprising that a standard Feulgen procedure which 
results in typical coloring of nuclear chromatin in metazoan nuclei, may 
show a very w^eak coloring or none at all in the nuclei of protozoa. Nuclei 
of one stage in the life history of a protozoan may show a reaction while 
those of another stage do not. These diversities merit some comment. 

Morris (1935) and Sassuchin (1935) reported that the nucleus of 
Endamoeba blattae show^ed no coloring by the Feulgen technique. Meg- 
litsch (1939), however, found that while the nuclei of this amoeba failed 
to react in the non-dividing stage, when nuclear division took place, the 
chromosomes gave a positive reaction. In my own slides made from the 
intestines of cockroaches and treated by the Feulgen method, there were 
so few individuals of E. blattae that I could not determine the reaction for 
this species. However, the goodly number of specimens of F. thomsoni 
all showed the central granules of the nucleus giving a definite although 
not very strong Feulgen reaction. 
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For gregariiies I obtained results similar to those reported by Reiclie- 
now (1928). In smears from the seminal vesicles of earth \¥orms con- 
taining maii}^ acephaliiie gregarines fixed in alcoholic Boiiiirs fluid, and 
treated by the Feulgeii method, the nuclei of the trophozoites failed to 
show a reaction although those of the spores and the dividing nuclei in 
the cysts all showed the typical coloring. On slides of Cryptobia ( Try pa- 
no plasma) from fresh water fish, the Feiilgen techni<.[ue produced a faint 
reaction in the nucleus but the kinetoplast ( ])arabasal) was deepi}' colored. 
Jirovec (1927), Reichenow (1928), Cunha and Afuniz (1928) and Sas- 
suchin (1935) have reported similar results with hemoflagellates. ]\Iar- 
golena (1932) and others have called attention to the fact that plant 
materials containing aldehydes, such as lignin, suberin, etc., give a positive 
nucleal reaction and on fecal smears it is common to see such materials 
showing the Feulgen coloration. It may therefore be stated (1) that 
nuclear chromatin does not always give a Feulgen reaction, and (2) that 
not everything that colors with Feulgen is chromatin. One might even 
question the frequently made statement that the Feulgen reaction is spe- 
cific for thymo-nucleic acid. 

For staining reactions in general, the dispersion factor is important. 
If a stainable material is finely divided and scattered among non-staining 
materials, the stain, if any, in these particles may be overk>oked or masked 
by the associated substances. In the trophozoites of gregarines, for ex- 
ample, the failure of the nuclei to show a positive Feulgen coloration ma}' 
be due to the great dispersion of the chromosome-forming materials in 
the relatively large nucleus which contains a large amount of non-chnano- 
some-forming ''chromatin.'’ As a matter of fact, a close examination of 
some of these nuclei reveals the presence of very small scattered granules 
that show a faint Feulgen coloration. When this material is condensed 
into chromosomes at the time of nuclear division, the coloring is much 
more readily recognized. 

In spite of the somewhat indefinite results obtained by the Feulgen 
method, it is, nevertheless, an important technical procedure and has 
proven to be very valuable in the inter{)retation of nuclear substances. 
Interpretation here, as always, needs to be made witli due cautioti. 

Fixing Agents 

As soon as one attempts to experiment with different fixing agents 
one becomes aware that different solutions give different results. Here 
some comments will be made upon the use of some of the fixing agents 
used for fixing intestinal protozoa. 

Schaudinn's sublimate alcohol, especially when a small amount of 
acetic acid is added, is probably the most general!}' useful fixing solution 
for intestinal protozoa. As a rule it provides for excellent nuclear dif- 
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feientiation partially because it renders many cytoplasmic elements un- 
.^tai liable with the comnio^^^ employed stains. Fibrillar structures and 
basal liodies of flagellates and ciliates usually stain well but chondriosomes 
and some other C3'toplasmic inclusions do not. This fixing agent usually 
produces considerable shrinkage, and for larger protozoa, like the large 
ciliates and gregarines, the distortion is often excessive. For these larger 
species, other fixing agents often give better results, such as Perenyi's 
fluid. Kleinenberghs fluid and Petrunkewitclfls fluid for ciliates and alco- 
holic Ihuiiids for gregarines. 

]h.)uin s fluid, especially the modification with saturated picric acid 75 
[larts. forrno! 1 5 parts and glacial acetic 10 parts, does tolerably well for 
the trophic stages <'»f intestinal protozoa but it does not penetrate cysts 
well. It is excellent tor Dienhwioeba, Other standard fixing solutions, 
such as Flollande s, picromercuric, picroacetic, Kleinenberg’s, Gilson’s, 
Larnov s, Destin’s, Worcester s, and Flemming’s fluids all have their use- 
lulness for special purposes hut do not possess the general adequacy that 
Schaudinn’s fluid does. 

The one-halt strength Schattdinn’s fluid recommended by Doctor 
Geiinan and myself (1933) has proven to be very satisfactory for prac- 
tically all the intestinal protozoa on which it has been tried. Even one- 
ii>tuih strength lias proven to be a satisfactory fixing agent for EndolimaXj 
lodatiitfclHL and Entaiiiocha histolytica. One-half strength Bonin’s fluid 
has also proven to he as good as full strength when tested on Enf amoeba 
histolytica mu\ Eadolima.r nana. 

When a saturated solution of mercuric chloride was diluted to 
three-fourths, two-thirds, one-half, one-third, one-fourth, and one-tenth 
strengths, the weaker solutions, that is, one-half or less, proved to be 
more satisfact<»ry fixing agents than strong concentrations. Fifty per 
cent alcohol causes much less distortion of cytoplasm than stronger con- 
centrations, although nuclear staining is much the same in all. Low con- 
centratiims of acetic acid, such as one, two, and five per cent proved to be 
UM >re satisfactory fixing agents than stronger solutions. With picric acid, 
however, 50 per cent or higher percentages of a saturated solution gave 
better results than lower concentrations. One per cent hydrochloric acid 
was a fair fixing agent and better than stronger solutions. 

Hie fact that for so many of these substances the weaker solutions 
were better fixing agents than stronger ones, leads to the belief that com- 
binations of solutions nmcii weaker than those commonly employed should 
be <levelope(L They may he more satisfactory as fixing agents as well as 
being much more ecamomical. 

h^ormalin is not a satisfactory fixing agent for protozoa when nuclear 
<ietails are of importance. Five per cent was not strong enough to coagu- 
late fecal smears so that they adhered to the coverglasses. Stronger 
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soiiitioiis produced much distortion. Formalin does, however, definitely 
increase the reactivity of the peripheral layer of the nucleus of Endolimax 
for the Feulgen reaction as do also to a less extent, hydrochloric and nitric 
acids. 

Approximately one hundred new combinations of mercuric cliloride, 
alcohol, acetic acid, picric acid, chromic acid, with other substances added 
have been tried out as fixing agents, and while many of them have proven 
to be excellent fixing agents for protozoa, none of them appeared to be 
superior to Schaudinn’s fluid, or its dilutions. 

In the discussions which follow, the acetic acid used was glacial acetic. 
Hydrochloric, nitric, and sulfuric acids were. Merck's C.P. diluted to the 
strength indicated. Unless otherwise stated, the stain referred to was 
Heidenhain's iron alum hematoxylin. 

THE MORPHOLOGY OF CERTAIN SPECIES IN RELATION TO TECHNIQUE 

Trichomonas inur is 

Reference has already been made to the fact that T. muris usually 
does not show a parabasal body when stained with Heidenhain’s after 
fixation with Schaudinn^s fluid. (In a few cases, however, I have seen 
the parabasal body of T. augusta when preparations were made in the 
same way.) After fixation with Flemming's fluid, or chrom-acetic, Hei- 
denhain’s may stain the parabasal. Cutler (1919) reported similar 
results with Ditrichomonas termitis. In 1926 Grasse discussed the litera- 
ture up to that time and the results of studies by himself and his associates 
and believed that acetic acid is especially destructive to the parabasal body. 
Kirby (1931) reviewed the previous Hterature and showed that the para- 
basal body of trichomonad flagellates is stainable with DelafiekFs after 
fixation with Schaudinn's fluid, although not stainable with Heidenhain's. 
The difference in staining reaction of T. rnttris as between Delafield's and 
Heidenhain's stains after fixation with Scliaudinii’s fluid is even more 
striking than the statements reviewed above indicate. After staining 
with Heidenhain’s, one sees that the blepharoplast, costa, chromatic mar- 
gin of the undulating membrane, nuclear chromatin and various zones of 
cytoplasmic granules all stain intensely (Fig. 1). When stained with 
Delafield's, however, the costa, chromatic margin of the undulating mem- 
brane, and the parabasal body all stain deeply wfiile the cytoplasmic 
granules are not stained at all (Fig. 2). After fixation in Schaudinn's 
without acetic, the parabasal did not stain nearly so well with Delafield's. 
When the same material was fixed with one per cent acetic alone and 
stained with Heidenhain's, only the endosome and the costa stained black ; 
with Delafield's, the costa and peripheral layer of the nucleus stained very 
well but the parabasal was very poorly stained. When this material was 
fixed in 20 per cent acetic acid alone and stained with Fleidenhaiti's, noth- 
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ing stained intensel}'' and there was a wide vacant streak near the dorsal 
profile (Fig. 3) . When Delafield’s was applied to such a smear, the para- 
basal stained more intensely than any other structure (Fig. 4). It is 
therefore obvious that acetic acid does not destroy the parabasal body, at 
least in the strength of 20 per cent used alone as a fixing agent. When 
this same T . muris material was fixed in 2 per cent chromic acid contain- 
ing 5 per cent of acetic acid and stained with Heidenhain’s, the endosome 
of the nucleus and the costa were the only structures that stained intensely 
(Fig. 5), and the same was true for the slide stained with Delafieldhs. 
After Zenker’s fluid as a fixative, Delafield’s did not stain the parabasal 
body but did stain the central region of the axostyle, which does not ordi- 
narily take a stain. It seems obvious, therefore, that the apparent mor- 
phology of T. muris varies widely depending upon the techniques to which 
it has been subjected. 

Giardialamblia 

Although I have conducted a good many experiments with other kinds 
of trichomonad flagellates, limitations of time and space will not permit 
of their being discussed in this place. I should, however, like to 
refer to a few experiments with Giardia lamhlia. Cysts of this species 
seem to be singularly uninfluenced by various fixing agents as judged by 
subsequent staining with iron hematoxylin. After most of the fixing 
solutions and their modifications that I have tried, there was little varia- 
tion in the usual picture of a deep stain for the endosomes of the nucleus 
and for the various parts of the fibrillar apparatus. There were, how- 
ever, differences in the amount of shrinkage inside the cyst membrane. 
For example, Schaudinn’s without acetic gave rise to more intracystic 
shrinkage than when 2 to 1 5 per cent of acetic acid was added. In one batch 
of material fixation in chi'om-acetic wdth a little copper oxide added pro- 
duced practically no shrinkage of the protoplasm within the cyst mem- 
brane, in contrast to the usual fixing agents, but nothing in the cell stained 
with Heidenhain’s stain. In another series fixation was made with 
Schaitdinn’s plus 5 per cent of acetic acid and with 5 and 25 per cent of 
acetic acid alone. For each of these the staining reaction with iron 
hematoxylin was practically the same, in the manner illustrated in Fig. 9. 
With the 25 per cent acetic fixation, the peripheral layer of the nucleus 
stained in some cysts. For each fixative, a smear was also stained in 
phosphotimgstic acid hematoxylin. With this stain the peripheral layer 
against the nuclear membrane stained very well after Schaudinn’s plus 5 
per cent acetic, while the endosomes did not (Fig. 10). After the 25 
per cent acetic acid fixation, however, the endosomes stained as well as 
the peripheral layer. 

As reported by Lucas (1930) and Levitanskaia (1938), the endo- 
somes of cyst nuclei nearly always give a strong positive reaction to the 
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; ji Feiilgeii technique. They also stain strongly with liemalum, which, how- 

ill ever, does not stain the fibrillar structures well. 

Reference was made above to the differences in stainability with 
Heidenhain's on the same slide, when, of necessity, all phases of technique 
are the same. Such differences are illustrated in Figs. 6, 7, 8, and 9, each 
drawn from the same slide from regions destained about the same amount. 
In many cases, therefore, the variations for the same technique are greater 
than for different techniques. It is, therefore, necessary to exercise great 
caution in interpreting the results of different techniques. 

lodanioeba hutscJilii 

Sijice the genera of endozoic amoebae, and species also within the 
genus Eufanioeha, are diiferentiated to a large extent by the structure of 
the nuclei, the effects of different fixing agents and stains on the appear- 
ance of nuclei has been given primary considei*ation in these experiments 
and receives attention in the following pages and the accompanying illus- 
trations. 

In a previous paper (1937b) attention was called to the fact that 
higher percentages ( 10 to 20 per cent) of acetic acid added to Schaudinn’s 
fluid tended to reduce the stainability of the end<.)some in the cysts of 
lodamoeha biifschlii. This tendency is subject to a considerable amount 
of variation. Fig. 11, for example, shows a cyst fixed in Schaudinn's 
plus 10 per cent acetic and stained with iron hematoxylin. The endo- 
some does not look as solid as it ordinarily does if only 2 or 5 per cent 
acetic has been added. In many cysts on this same slide the endosomes 
were unstained. However, in one case no essential difference was noted 
in smears fixed in Schaudinn’s fluid to which 5, 10, and 20 per cent of 
acetic acid had been added, while in another case all the endosomes were 
unstained when 20 per cent of acetic had been added to Schaudinn' s. 
Schaudinn's plus 5 per cent acetic reduced to one-half and to one-quarter 
strength produced a])out the same result as the full strength solution. 

When 1 per cent HCh 5 per cent HXOa, 1 per cent urea and 5 per 
cent urea were each added to Schaudinn’s fluid and tested separately, they 
all gave sotnewliat similar results so far as nuclear staining was concerned, 
the endosomes staining intensely black with Heidenhaiifs. There were 
differences in the effects on the cytoplavsm. 

When saturated mercuric chloride solution was used alone, cytoplas- 
mic fixation was fair but the nucleus tended to stain a homogeneous black. 
About the same results were obtained with 75 and 50 per cent of a satu- 
rated solution. With 25 per cent and 10 per cent of saturatioii, however 
cytoplasmic fixation and nuclear differentiation were much better. When 
hemalum was used as the stain after 50 per cent <)f saturated mercuric 
chloride, the lightly stained endosome often contained a small deeply 
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staieed granule (Fig, 12). Such a granule was noted in the paper on 
lodamoeba already published, again after hemalum staining, but after 
Schaudinn s plus 10 and 20 per cent of acetic acid as the fixative. It is 
possible that this granule represents a “centriole’' or division center. 

Alcohol of a strength of 50 per cent produced less distortion and 
shrinkage of the cytoplasm of cysts and better differentiation of nuclei 
than 70 and 95 per cent. With hemalum the nuclear staining was about 
the same for all three strengths. When different strengths of acetic acid 
were used alone as fixing agents, they produced a good deal of cytoplasmic 
distortion, the amount increasing with increasing strengths. After 2 and 
5 per cent the nuclei stained very well with black endosomes but after 10 
per cent the staining ability of the endosomes decreased (Fig. 13) , and 
after 20, 25, and 50 per cent acetic the nuclei remained unstained. 

Saturated and 50 per cent of saturated picric acid fixed the cytoplasm 
very well, but the nuclei tended to overstain. 

Bonin’s fluid and several modifications of it wei'e satisfactory fixation 
agents for trophic stages but produced much distortion of the cytoplasm 
and variabilit}^ of staining in the nuclei of cysts. Alcoholic Benin’s was 
equally unsatisfactory for cysts and even produced cytoplasmic extrusions 
or *‘buds.” Pieromercuric, on the other hand, proved to be a very satis- 
factory fixing agent ior I odainoeba cysts. 

Endolnnax mna 

EndoUmax nana, as reported by Stabler ( 1932a), usually shows a loss 
of staiiiability of the endosome and an enhanced stainability of the periph- 
eral layer of the nucleus with Heidenhain’s staining after Schaudinn 's 
with 15 to 20 per cent of acetic acid added. Figs. 14 and 15 show the 
trophic stage and cyst as they commonly a])pear after fixation with 
Schaudinn’s plus 5 per cent of acetic acid added. Figs. 16 and 17 show 
the corresponding stages from the same fecal sample fixed with Schau- 
dinn’s plus 20 per cent acetic. The pronounced loss of stainability of the 
endosome is the typical condition. However, tliis reaction is subject to 
considerable variation. Figs. 18, 19, and 20 are all fnmi a vSlide fixed in 
Schaudinn’s with no acetic acid added. The great majority of the 
amoebae showed stained endosomes but some showed the endosomes 
unstained. Figs. 21. 22, and 23 are all from a .slide from the same mate- 
rial fixed in Schaudinn's plus 20 per cent acetic. On this slide the 
majority showed stainless endosomes (Figs. 22, 23) but in some the 
endosomes stained deeply (Fig, 21). Addition of only 2 per cent of 
acetic acid has proved better than higher concentrations in some cases 
hut n<>t so good in some others. Schaiidinn’s plus 20 per cent acetic 
sometimes produces “buds” on cysts of EndoUmax. Dilution of Schau- 
dinn’s did tiot produce any differences in stainability of the trophic stages. 
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Fi<^s 26 27, and 28 are, respectively, from slides fixed in full strength, 
SO^Ver cent, and 25 per cent of the same. There were no noticeable dit- 
ferences in the results from the three strengths of this fixative. 

When mercuric chloride was used alone in a saturated solution and 
in 75, 50, and 25 per cent of saturation, the weaker solutions proved to be 

better fixing agents than the stronger ones. , . . , . 

Acetic acid alone tends to restrict the stainability of the nuclei in both 
the trophic and cvst stages when stained in Heidenhain’s. Even one per 
cent may have some effect in this direction and 20 per cent is followed by 
loss of stainabilitv. Combined with other substances, acetic acid may 
have other effects.' Figs. 29 to 38 all from the same source material, illus- 
trate some results obtained by using mercuric chloride and alcohol with 
and without acetic acid, upon the stainability of the nuclei of trophic 
stages. After saturated mercuric (Fig. 29), the nuclei stain fairly well 
but not as darkly as when 5 per cent of acetic acid is added (Fig. 30). 
In this case, acetic added to the sublimate intensifies the stainability of 
the endosome. When 50 per cent of saturated mercuric chloride is used 
(Fig. 31), the endosome stains more intensely than when 5 per cent of 
acetic acid is added to it (Fig. 32). In the latter case, the tendencj foi 
the acetic to cause lighter staining of the endosome is effective against 
the weaker sublimate solution. When 50 per cent alcohol is used alone 
(Fig. 33), the endosome stains very black, but when 5 per cent acetic is 
added to it some of the stainability is lost (Fig. 34) . Similar effects are 
seen for 70 per cent alcohol (Fig. 35) and the same with 5 per cent acetic 
added (Fig. 36). But when 95 per cent alcohol is used (Fig. 37), the 
endosome is apparently prevented from showing any loss upon the addi- 
tion of acetic (Fig. 38). The effect of 5 per cent acetic bj* itself is shown 
in Figs. 39 and 40, where a somewhat lighter stain is obtained by differ- 
entiating with iron alum (Fig. 39) than with picric acid (Fig. 40). 

Other acids, hydrochloric, nitric, and sulfuric in concentrations of 5 
and 10 per cent of the C.P. solutions produced much distortion of pro- 
toplasm and variability in the staining capacity of the nuclei. Nitric 
acid was followed by better nuclear differentiation than either of the 
others. 

Bouin’s fluid sometimes produces shrinkage areas between the nuclei 
and surrounding cytoplasm in trophic stages (Fig. 25). It usually pro- 
duces considerable shrinkage and distortion within cysts and irregularity 
of stainability of the nuclei. Picric acid in the one case when it was tried 
produced a fair result of both fixation and staining of trophic stages. 

Segal (1932) has called attention to the fact that “buds” were pro- 
duced on the cysts of E. nana more frequently when they were fixed in 
picromercuric than when fixed in Schaudinn’s fluid and several other 
fixing agents. She also noted that different strains of E. nana had dif- 
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ferent tendencies in regard to the formation of ‘‘buds/' The present 
study has confirmed the work of Segal. ''Buds’' were also produced to 
some extent by 25 and 50 per cent acetic acid. 

Both hemalum and phosphotungstic acid hematoxylin, after most of 
the fixatives used, had a greater affinity for the peripheral layer of the 
nucleus than Heidenhain's hematoxylin. 

Dientamoeba fragilis 

Both Johnson (1935) and I (Wenrich, 1937a) have called attention 
to the fact that the nuclei oi Dientamoeba do not usually stain well with 
Heidenhain’s when fixed with Schaudinn’s fluid unless the percentage of 
acetic added is as high as 15 or 20. This result has been confirmed many 
times but it has exceptions. For example, in some cases, when nuclei 
failed to stain after Schaudinn’s plus 5 per cent acetic (Fig. 53), they 
stained very well when the same material was fixed in the same fixing 
solution reduced to one-half strength (Fig. 54) ; and in some other cases 
Schaudinn’s plus 2 per cent acetic gave better staining than Schaudinn’s 
plus 5 per cent, as did also this solution with 20 per cent acetic added. In 
still other cases the nuclei stain very well when the feces are fixed in 
Schaudinn’s without acetic (Fig. 55). The feces represented by Fig. 55 
was strongly acid to litmus paper at the time that the fixation w’-as made. 
It is therefore suspected that various organic acids may enhance the 
stainability of the nucleus to Heidenhain’s when sublimate-alcohol is the 
basic fixing substance. 

The effect of acetic acid in combination with sublimate and alcohol is 
illustrated by Figs. 41-50 ; these figures are from the same slides that are 
represented in Figs. 29-38. Figs. 29 and 41 are from the same slide, as 
are Figs. 30 and 42, and so on through the series. Fig. 41 shows the 
nuclei barely discernible after fixation with saturated sublimate alone. 
When 5 per cent of acetic acid is added to this the nuclei stain very well 
(Fig. 42) . With 50 per cent of saturated sublimate the nuclei are undif- 
ferentiated (Fig. 43), but with the addition of 5 per cent acetic they are 
well stained (Fig. 44). With 50 per cent alcohol the nuclei differentiate 
poorly (Fig. 45) ; but with the addition of 5 per cent acetic the nuclei 
stain distinctly. With 70 per cent alcohol (Fig. 47) the nuclei stain but 
the intranuclear granules are less distinct than when 5 per cent acetic is 
added (Fig. 48) . The story is again similar for 95 per cent alcohol (Fig. 
49) and the same strength with 5 per cent acetic added (Fig. 50). The 
effect .of 5 per cent acetic alone is illustrated by Figs. 51 and 52. These 
are from the same slides as Figs. 39 and 40 and show no significant dif- 
ference as between alum differentiation (Fig. 51) and picric acid destain- 
ing(Fig. 52). 

This group of figures (Figs. 39 and 40; 51 and 52) shows the con- 
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trast between Endolimax Dientmnoeha in relation to acetic acid ; this 
acid reduces the stainability of the central area of E. nana^ but increases 
the stainability of the central area of Dientamoeba. Acetic acid of any 
strength appears to fix the nuclei of Dientamoeba so that they will stain 
more readily. Fig. 56 represents an individual from a slide fixed in full 
strength glacial acetic acid. The nuclei are fairly well stained hut the 
granules of the central area are not too well differentiated. 

It has been mentioned that Bonin’s fluid, especially the B3 modifica- 
tion, is usually followed by excellent staining of the nuclei of Dientamoeba. 
Other fixing agents which give fairly satisfactory results are Hollanders, 
Kleinenberg’s, Carnoy No. 2, Zenker’s, and weak Flemming’s. Hemalum 
is an excellent stain for Dientamoeba. 

Entamoeba histolytica 

As previously reported (1938) , Schaudinn’s fluid plus 5 per cent of 
acetic acid, or the same; solution diluted with an equal quantity of distilled 
water, is about the most satisfactory fixing agent for E. histolytica that I 
have found thus far. Even one-fourth strength of this common fixative 
resulted in satisfactory fixation. 

When different strengths of sublimate were used alone, the weaker 
solutions of 10, 25, and 50 per cent of a saturated solution gave better 
fixation than 75 or 100 per cent of saturated solution. Alcohol at 50 per 
cent gave better fixation and less distortion of the cytoplasm than 70 or 95 
per cent, although nuclear staining was similar in all. In one case the 
use of 50 per cent resulted in the formation of a number of ‘%uds” on 
cysts while none occurred when 95 per cent was used. 

The stainability of the nuclei in Heidenhain’s is much affected by 
acetic acid. If 20 per cent or more is added to Schaudinn’s fluid or to 
other sublimate alcohol combinations, the nuclei tend to lose stainability, 
but the results vary with different cases. In one case where there were 
cysts of the small race of E. histolytica^ the nuclei failed to stain when tlie 
smears were fixed in Schaudinn’s without acetic. Nuclear stainabilit}' 
gradually increased with addition of 2, 5, and 10 per cent of acetic acid but 
diminished with the addition of 20 per cent. 

When acetic acid was used alone even in strengths as low as 1 or 2 
per cent, the stainability of the nuclei in Fleidenhain’s was dimintslied. 
One series of slides from the same material and stained with Heidenhain’s 
is illustrated by Figs. 57 to 67. Figs. 57 and 58 show trophic and four- 
nucleated cysts from the same smear fixed in Schaudinn’s fluid plus 5 per 
cent of acetic. The usual staining picture is revealed. When 5 per cent 
acetic alone was used as the fixative, the endosomes failed to stain while 
the peripheral layer of the nuclei retained its stainability ( Figs. 59, 60). 
When 10 per cent acetic was used, the stainability was still more reduced 
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akhoiigli retained better in the cysts than in the trophic stages (Figs. 61, 
62). With 20 per cent acetic practically all stainability was removed 
from the nuclei (Figs. 63, 64). With SO per cent acetic as the fixing 
agent, some stainability returned to the peripheral layer of the nuclei 
(Figs. 65, 66), but especially in the trophic stage (Fig. 65). Most of 
the cysts showed a relatively large shrinkage space between the cytoplasm 
and the cyst wall with this last fixative, and some of them showed rela- 
tively extensive “buds'’ protruding through breaks in the cyst membrane. 
These protoplasmic extrusions gave the appearance of having been pro- 
duced explosively and the outer boundary was indefinite (Fig. 67) . This 
type of “bud" is unlike those produced by other agents, such as Schau- 
dinn’s plus 5 per cent acetic (Fig. 68). 

Bonin’s fluid usually results in much intracystic distortion and irregu- 
larity of stain in the nuclei and in shrinkage spaces inside or outside the 
nuclei of trophic stages (Fig, 70). In many cases the endosomes fail to 
stain in the trophic stages after the use of B3 (Fig. 72). In this series 
of slides a very small endosome, perhaps the centriole, was usually visible 
when one per cent of urea was added to B3. Alcoholic Bonin’s gives 
much the same results except that “buds" are more likely to be produced 
on the cysts. In one case 25 to 30 per cent of the cysts shovred “buds" 
after the use of alcoholic Bouin when not more than 2 per cent were seen 
in the same material fixed with B3 and one-half strength B3. In this 
same material picromercuric produced between. 45 and 50 per cent of 
“buds." ■ . , 

Entamoeba cold 

Anyone who has examined any considerable number of series of slides 
showing E. cold cysts from different hosts is well aware of the variability 
seen 'when fixation is in Schaudinn’s fluid and the stain is iron hematoxy- 
lin. In some cases there will be a high percentage of cysts that will be 
unstained ; in others there may be a high percentage of cysts that are over- 
stained ; in still others there may be high percentages of both unstained 
aiKl overstained cysts. In some cases there may be “buds” on some of 
the cysts and in other cases there will be none. Because of the variability 
of the organism itselt, it is diflicult to obtain consistent differences with 
different techniques. 

Higher percentages of acetic acid added to Schaudinn's fluid have 
less tendency to diminish the stainability of the nuclei than with E, his- 
tolytica, Such loss of stainability that may occur affects the endosome 
more readily than the peripheral layer. 

In one race which show''ed about 30 per cent “buds" on the cysts after 
fixation with Schaudinn’s plus 5 per cent acetic, there were no “buds" 
when sublimate alone was used either in saturated or 50 or 25 per cent 
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of saturation. When the same material was fixed in 5, 10, 25, and 50 
per cent of acetic acid, nuclear staining diminished from the 10 up to the 
50 per cent acetic. No ^‘buds’^ were seen after 5 and 10 per cent, but 
about 20 per cent of cysts ‘showed ‘"buds” after 25 per cent acetic and 90 
per cent showed ''buds” after the 50 per cent. In another case where 2 
and 100 per cent glacial acetic were used as fixatives, there was scarcely 
any distortion after the 2 per cent and the nuclei stained very well, except 
that in the trophic stage the endosomes failed to stain in most of the nuclei. 
After the 100 per cent acetic there was usually a very pronounced shrink- 
age space between the cyst wall and the protoplasm on the cysts and in 
some the protoplasm was unstained and in others it was homogeneous 
black. In some cysts there were the same type of "buds” as seen in the 
other case cited above. In the trophic stages there was some stainable 
material in the periphery of the nuclei but none in the central area. The 
extrusions or "buds” produced by 50 and 100 per cent acetic were rela- 
tively enormous and gave the appearance of having been produced ex- 
plosively. They usually failed to show any definite boundary layer 
making it difficult to recognize the contours. In this respect they were 
like the similar extrusions produced by 50 per cent acetic in E. histolytica 
(Fig. 57). 

There seems to be fairly general agreement at the present time that 
Kofoid and Swezy’s (1921) "Councilmania lafleuri” is only a variation 
of E, coli and that the "buds” and chromophile ridges described by these 
authors and considered by them to be diagnostic for "C. lafleuri” are pro- 
duced by the agents commonly used in fixation. Freeman (1929) work- 
ing in my laboratory, found that Yocum’s picromercuric was highly 
effective in producing "ridges” and "buds.” Stabler (1932b) reported 
that 95 per cent alcohol at 55 degrees C and picromercuric at 28 degrees 
were more effective in producing "buds” than the other agents tried. 
We can now'^ add strong acetic acid to the list of effective "bud”-produc- 
ing agents. The production of "buds” is a highly variable phenomenon, 
however, and these variations indicate either, ( 1 ) that certain races pro- 
duce "buds” more readily than others or, (2) that "budding” occurs 
more readily in the same race under certain conditions presented by the 
surrounding feces than in other conditions. Probal^Iy a combination of 
these two possibilities is nearer the truth. 

DIFFERENT SPECIFIC REACTIONS TO THE SAME TECHNIQUES 

As previously pointed out the genera of endozoic amoebae have been 
differentiated from each other primarily on the basis of nuclear structure. 
A study of their reactions to varying techniques show’s that these nuclei 
are not only different in organization but different in their chemical 
properties as reflected in different reactions to the same technique. An 
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attempt has here been made to demonstrate such diiferences by illustrating 
the results when the dilferent species have been fixed the same way (in 
this case in Schaudinn’s plus S per cent of acetic acid) but subjected to 
three different staining techniques. 

— On Plate IV Figs. 73-81 are from slides stained with Heidenhain's ; 
Figs. 82—90 with henialum and Figs. 91-99 with the Feulgen technique. 
All the figures of E. coI% E, histolytica and Endolimax nana are from 
the same source. Figs. 73-76, 79, and 80 are from the same slide; Figs. 
82-85, 88 and 89 are from another slide from the same source ; and Figs. 
91—94, 97 and 98 are from still another slide of the same series. Figs. 77, 
78, 86, and 87 are from one source, and Figs. 81 and 90 are from this 
same source. Only the material giving a deep staining reaction has been 
drawn in detail ; this includes the chromatoids of £. coli and E. histolytica. 
In the drawings from the Feulgen slides the nuclear boundaries and other 
non-staining nuclear areas have been outlined only. 

With iron hematoxylin the endosonies and the peripheral layer of 
granules stain deeply in E. coli and E. histolytica. In Endolimax nana 
the peripheral layer may or may not be readily discernible after this 
stain. With lodamoeba the endosonies stain intensely as do also the 
periendosomal granules. In Dicntamoeha the central nuclear area usu- 
ally contains four or more deeply stained granules imbedded in a less 
deeply stained matrix. 

With hemalum, the peripheral layer usually stains better than the 
endosomes in the species of Entamoeba. In lodamoeba the periendo- 
somal granules stain better than the endosome. In Endolimax the endo- 
some normally stains well as does also the peripheral layer. In Dienta- 
moeba the staining reaction is comparable to that with Heidenhain's. In 
E. histolytica the failure of the endosome to stain with hemalum is more 
often noted than with £. coli, but is not alvrays observed in either species. 
In both species it will be noted that there is a certain amount of deeply 
stained material in the immediate vicinity of the endosome. This mate- 
rial is more voluminous in JS. coli, making it more difficult to tell whether 
the endosome proper has been stained (Figs. 82, 83). 

The contrast between the nuclear picture after the Feulgen technique 
and the other stains is very striking. In E. coli and E. histolytica only 
the material in the vicinity of the endosome shows the reaction (Figs. 
91-94). In some cases where Fast Green w^as used as the counter stain, 
a small green granule could be seen amongst the Feulgen reacting gran- 
ules, in the central nuclear area. In the cysts of £. coli the reacting 
material is often scattered (Fig. 92) as it often is also in the trophic stage 
(Fig. 91). In lodamoeba the endosome shows no reaction but the zone 
of periendosomal granules reacts strongly. In Endolimax the endosome 
of the trophic stage shows no reaction but the peripheral layer gives a 
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,vnl- reiction This reaction may be intensified by the use of fonualm 
rfii “ng fluid and it is also somewhat intensified in the cysts, at leash 
h,d”3tLc attd nitric acids. In fli—ochn ‘he appearance «f ^e 
midei is not essentially different from what it is with the other t\ 
stains. In this respect this species is distinctly different from all i 

°^^In'some respects the Feulgen reactions 

from those recorded by certain other observers. Foi examp , 
tanskaia (1938) reports that E. coU has a reaotmg 

fendosome) in the trophic stage. In the cysts he reports scatteied giaii^ 

ules as I have found. Both Reichenow (1928) 

that there is a faint reaction m the peripheral layer of ^ 

I have not been able to confirm this. Both these authors reported he 

same results with lodamoeba that I have obtained. Levitanskaia notec^ 
the faint reaction of the peripheral layer in the nucleus o .n ojina.i^ 
rophic stages but stated that in the cysts only the endosome reacts. _ I 
have found the cyst reaction to be variable ; some s^iow a reaction n c 
peripheral area as shown in Fig. 98 while others show a reaction in 
Lntml area. It seems probable that when the reacting material appeals 
in the central area, some phase of nuclear division, either prophase oi 
tdoptee, i, involved. My ceult. with Cictunmriw agree w.th thoac 

‘cS'tta wiioie, these evidences ot chemical differences, especially a.s 
between and among the different genera offer important conhrnmtio i 
to the validity of the taxonomic, groupings which have been estabhsuc . 

SUMMARY 

1. The importance of properly prepared slides as an aid to the diag- 
nosis of intestinal protozoa is emphasized. 

2 Experiments show that fixation for one minute gives results as 
good as or better than longer times for the fixing agents commoiiK 

cniT)lovcd for intcstiiicil protozoci. t n ^ i 

\ 'Schaudinn’s fluid and other fixing solutions can be greatly dilutee 
without destroying their effectiveness as fixing agents, ilercuric chlo- 
ride acetic acid, alcohol, etc., in weaker solutions, are better fixing agen s 
than stronger solutions. It is suggestetl that new fi.King agents, much 
weaker than those commonly employed, may well be devisee . 

4. Acetic acid does not destroy the stainability of the parabasal bod\ 
of Trichomonas miiris for heinahun even when used alone at -0 per cent. 
Strong concentrations do reduce the stainability ol the nuclei ot the com- 
mon intestinal amoebae except Dimtamoeha. It tends to mci ease t ie 
stainability of the nuclei of that species. Strong co.Kentrations (oO pu 
cent or more) often produce relatively large ‘buds on the tvsts ot L. 
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Histolytica and £. colL These ''buds'' seem to lack definite boundaries 
at their outer margins, 

5. As with other organisms, intestinal protozoa sometimes show , a 
surprising amount of variation. Different races of the same species may 
have different appearances with the same technique. The same race may 
give different results with the same technique, if the environments are 
different. Different individuals on the same slide may show different 
reactions to the same technique. 

6. On the other hand, as illustrated by Trichomonas murisy different 
fixing solutions and different stains may produce decidedly different 
appearances for the same species. 

7. Different species show chemical as well as morphological differ- 
ences in the composition of their nuclei. This is particularly well shown 
when the Feulgen reaction is applied to the intestinal amoebae of man 
and the results compared with those obtained with the more common 
stains. 
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Explanation of Plates 

have been drawn from fixed and stained slides. Unless otherwise 
has been Heidenhain’s iron alum hematoxylin. Fixing agents are 
le detailed explanations. Figs. 1 to 10 were drawn originally at 
lers at X3000. All have been reduced about one-third in repro- 
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Plate I 

Figs. 1 to 5. lyichomomts muris, all from the same rat. 

Fig. 1. Schandimi^s plus 5% acetic; Heidenhaiirs. Note deeply stained fibril- 
lar apparatus and cytoplasmic granules. 

Fig. 2. Schaudinn's plus 5% acetic ; Delafield’s. Parabasal stained, granules 
unstained. 

Fig. 3. 20% acetic; Heidenhain’s. Fibrillar apparatus swollen but unstained. 

Fig. 4. 20% acetic ; Delafield's. Parabasal stained. 

Fig. 5. 2% chromic acid plus 5% acetic ; Heidenhaiirs. Endosome and costa 
are only structures stained. 

Figs. 6 to 10. Cysts of Giardia lamblia. 

Figs, 6 to 9. Schaudinn’s plus 5% acetic. All from one slide. Note varia- 
tions in staining. 

Fig. 10. Schaudinn’s iilus 5% acetic; phosphotungstic acid hematoxylin. 
Peripheral layer of nucleus stains deeply, endosomes do not. 

Figs. 11 to 13. Cysts of lodamocba bufschlii. 

Fig. 11. Schaudinn’s plus 10% acetic. Fmdosome stained. With more acetic, 
endosomes are usually unstained. 

Fig, 12. 50% of sat HgCE; hemalum. Endosome faint except for small 
granule ( = cen triole ? ) . 

Fig. 13. 10% acetic. \Ary little stain; endo.s<.>me not sharply differentiate<i. 

Figs. 14 to 28. Endolimihr nana. 

Figs. 14 to 17 are from same case. 

Figs. 14 and 15. Schaudinn’s plus 5% acetic. Endosomes deeply stained. 

Figs. 16 and 17. Schaudinn’s plus 20% acetic. Endosomes faint. 

Figs. 18 to 23 are from another case. 

Figs. 18 to 20. Schaiidinn’s without acetic. A'ariable stainability of endo- 
sorne on same slide. 

Figs. 21 to 23. Schaudinn’s plus 20% acetic. Another slide, variable stain- 
ability of endosome. 

Iricis, 24 and 25. Another case. 

Fig. 24. Schaudinn’s plus 5% acetic. Appearance typical. 

Fig. 25, Bouin’s. Shrinkage space around nucleus. 

Fig.s. 26 to 28. Another case. Fixations are, res|>ectively, Schaudinn's plus 
5% acetic ; one-half the same ; one-fourth the same. 
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Plate II 

Figs. 29 to 40. Endolimax nana trophic stages, all from same case ; all dif- 
ferentiated with picric except Fig. 39. 

Fig. 29. Sat. HgCh. Endosome not deeply stained. 

. Fig. 30. Same plus 5% acetic. Endosome deeply stained. 

Fig. 31. S0% of sat HgCIs. Endosome deeply stained. 

Fig. 32. Same plus 5% acetic. Endosome lightly stained. 

Fig. 33. 50% ethyl alcohol. Endosome darkly stained. 

Fig. 34. Same plus 5% acetic. Endosome more lightly stained. 

Fig. 35. 70% ethyl alcohol. Endosome darkly stained. 

Fig. 36. Same plus 5% acetic. Endosome more lightly stained. 

Fig. 37, 95% ethyl alcohol. Endosome darkly stained. 

Fig. v 38. Same plus 5% acetic. Endosome darkly stained. 

Fig. 39. 5% acetic acid. Alum differentiation. Endosome lightly stained. 
Fig. 40. Same, picric differentiation. Endosome darker. 

Figs. 41 to 56. Dicnfamoeba jragilis. All picric differentiation except Figs. 
51,53,54,55. 

Figs. 41 to 52. Same slides as Figs. 29 to 40. Figs. 29 and 41 from same 
slide; Figs. 30 and 42 from same slide, etc. 

Fig. 41. Sat HgCk Nuclei indistinct 

Fig. 42. Same plus 5% acetic. Nuclear granules stained. 

Fig. 43. 50% sat HgCk. Nuclei and nuclear granules indistinct 
Fig. 44. Same plus 5% acetic. Nuclear granules stained. 

Fig. 45. 50% ethyl alcohol. Nuclear granules indistinct 
Fig. 46. Same plus 5% acetic. Nuclear granules distinct 
Fig. 47. 70% ethyl alcohol. Nuclei fairly well differentiated. 

Fig. 48. Same plus 5% acetic. Nuclear granules more distinct. 

Fig. 49. 95% ethyl alcohol. Central nuclear area stained but granules in- 
distinct. 

Fig. 50. Same plus 5% acetic. Nuclear granules more distinct. 

Figs. 51 and 52. 5% acetic; alum and picric differentiation, respectively; no 
significant difference. 

Figs. 53 and 54. Another case. 

Fig. 53. Schaudinn's plus 5% acetic. Nuclei poorly differentiated. 

Fig. 54. Same, one-half strength. Nuclei more clearly differentiated. 

Figs. 55 and 56. Another case; feces acid. 

Fig. 55. Schaudinn^s with no acetic. Nuclei fairly well stained. 

Fig. 56. 100% acetic. Central nuclear area stained, granules indistinct. 
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Plate III 

Figs. 57 to 72. Entamoeba histolytica. 

Figs. 57 to 67. From same case; picric differentiation. 

Figs. 57 and 58. Schaiidinn's plus 5% acetic. Trophic stage and mature 
cyst, typical staining. 

Figs, 59 and 60. 5% acetic. Trophic stage and cyst. Endosome unstained. 

Figs. 61 and 62. 10% acetic. Trophic stage and cyst. A little stain remains 
in peripheral layer of nucleus. 

Figs. 63 and 64. 20% acetic. Trophic stage and cyst (Note parasitic 

Sphaerita in cyst.) No stain in nuclei. 

Figs. 65 and 66, 50% acetic. Trophic stage and cyst A little stain in 
peripheral layer of trophic stage; broad shrinkage space in cyst. 

Fig. 67. 50% acetic. Cyst Broad extrusion (“bud”), with no definite 
boundary on outer surface. 

Fig. 68. Schaiidinn’s plus 5% acetic. Another case. A typical **bud'‘ with 
definite boundary. 

Figs. 69 and 70. Another case, trophic stages. 

Fig. 69. Schaudimi’s plus 5% acetic. Typical condition of nucleus. 

Fig. 70. Allen's B3. Shrinkage area inside nucleus. 

Figs. 71 and 72. Another case, trophic stages (drawings by ]vlr. K. L. 
Brown). 

Fig. 71, Schaudinn’s plus 5% acetic. About usual condition. 

Fig. 72. Alienas B3. Endosome unstained. Central nuclear area shows c<jn- 
traction. 
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■ . Plate IV 

The intestinal amoebae of man. Fixed in Schaudinn’s plus 5% acetic. Aside 
from nuclear and endosomal profiles only deeply stained nuclear materials and 
cliromatoids were drawn. For Figs. 73 to 81, stain is Pleidenhain’s ; Figs. 82 to 
90, stain is liemalum; Figs. 91 to 99, stain is Feulgen. Figs. 73, 74, 75, 76, 79, 80 
are from one slide; Figs. 82, 83, 84, 85, 88, 89 are from another slide from same 
case; Figs. 91, 92, 93, 94, 97, 98 are from a third slide from this case. Figs. 77 
and 78 are from one slide from another case. Figs. 86 and 87 are from another slide 
from this case. Figs, 95 and 96 are from different cases. Figs. 81 and 90 are 
from one case; Fig. 99 from another case. 

Figs. 73, 82 and 91. Trophic stages of E, coH. 

Figs. 74, 83 and 92. Cysts of E. coU. 

Figs. 75, 84 and 93. Trophic stages of E, histolytica. 

Figs. 76, 85 and 94. Cysts of E. histolytica. 

Figs. 77, 86 and 95. Trophic stages of lodamoeba biifschlii. 

Figs. 78, 87 and 96. Cysts of /. biitschlii. 

Figs. /9, 88 and 97. Trophic stages of Endolinia.r nana. 

Figs. 80, 89 and 98. Cysts of E. nana. 

Figs. 81, 90 and 99. Dientamocba fragilis. 













THE OCCURRENCE OF HELMINTHS AND COCCIDIA IN 
PARTRIDGES AND PHEASANTS IN DENMARK 

Holger Madsen 

State Veterinary Serum Laboratory and Zoological Museum, 
L^niversity of Copenhagen 

An investigatitni of tlie food and parasites of game birds tvas initiatei 
in October 1936 tinder the direction of Prof. M. Christiansen of tb 
State Veterinary Serum I,,aburator\- and Prof. R. Sparck of the UnNei 
sity of Copenhagen. This ineestigation was under the auspices of th 
Jagtfond (Game Foundation) of tlu* Ministry of Agriculture.* 

Since that time 143 adult an<l 56 partridge chicks (Peidix pcrdh 
and 169 adult and 67 pheasant chicks (Phasimuis cukhiciis) have bet 
sent in for examination. The\ came from diverse It 
ent times of the year. Not all were examim‘i 
methods of collecting were im|)rored tlurin.gjj E^ ,' 

The data concerning the mimliers of each 
quantitative. It js felt that the>' present an a. partridges and 

both of the various ])arasites invttlvecl nml As already 

therewith. Although the number of birtls t'-g digestive trlct did not 
several interesting points have been revealed 
numbers of certain parasites in pheasanfs asj^g 
and also the variation in tl.e mnnlrr ot certa,jjy pheasants 

age differences of the hosts. iparently they are com- 

.UATKKIAI.S AND This parasite has 

n England. 

The heltnimlis were collected uiuier low jg ^ 

microscope; tlie trachea, crop, and about 25 

rectly. For the emp this proved tc* fu! an slightly heavier 

conse<|uence Cupiliarhi coa/or/w was imt summer mouths, 

the investigation when the crop was is here reported 

solution. The contents of the small in Uttered on four occasions, 
through 1 and 0.5 mm wire mesh screens aiiqted areas at all times of 
pass was washed into IVtri disIuN and ttf pheasants. ' 
counted. The wasfhngs which |,ia.«^srd Ihroitis ouly^ witli hesitation 
fuged, the siipernalatit fluid was ptiurrd *Upecies described by von 
pended in SO per cent sugar solution awl a^h' especially concerning 
sam|>!es of the surface film were then taken wpt present female speci- 
coccidia! oocysts were tainted in or 25 iage of a forni differing 

Received for |nihlic;ttioii, Jamsary 0, pi4fJ. (1932) and Freitas 

.* f wish to express ,iiiy thanks to. the ,\!iiib!ry e#f.- immature females of 
to Prt^fessors (lirisfiaji^en and Sparck Rtf dieir hr' (1939) who 

of this investigation; jiImi to Dr. {*, L. Ckaham ft»r ^ ^ 
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for Gakulatioii of total numbers. With caution these data may be utilized 
in estimating the density of infections. 

KESULTS 

Although an acanthocephalan, cestodes, trematodes, and nematodes 
were encountered during the course of this study, only the last were com- 
monly occurring parasites. The others were of infrequent occurrence 
and infections were invariably light. 

e Acanfhocephala 

A single specimen of Prosthorhynchiis transversus (Rud., 1819) was 
recovered from an adult partridge. The parasite was also observed once 
1 an adult pheasant. This acanthocephalan is a common parasite of 
irious passerine birds but has been previously recorded as a rather rare 
arasite of pheasants and partridges in England by Clapham (1938). 

' Cesfodes ' 

nine pheasant chicks ; no adults were so para- 
s well as adults were infected, although only 
/ most part the worms were in a bad state of 
to identify. When they could be determined 
echinobothridia 1880). 

his form in English pheasants and partridges. 

Trematodes 

overed from the intestine of two partridge 
pheasant chicks. None were foimd in older 
the first report of echinostome parasites from 
n) hz.s rtporitA EchmosUynia revohituui ivom 
hat the worms herein reported are this species. 

Nematoda 

• the most common helminths encountered in 
the variety of species in vTdved and the degree 
xHiile .some species were either of such rare 
in .such snmll numbers that they could not be 
ring with the well-being of the hosts, others 
ler serious parasites, particularly in phea.sant 
as in young adults. 

itagu, 1811). This nematode was compara- 
s and pheasants. In the latter it was found 
only once in an adult bird. In partridges it 
icks, although it was an occasional parasite in 
e light as a rule. This parasite is common 
been incriminated b}- Christiamsen (1935- 
nportant helminthic disease in pheasantries. 
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Ap])arently A. trachea h b. more frequent as well as a more serious 
parasite of game birdsMn England than in Denmark, if one may judge 
from various reports (Clapham, 1935, and others). 

Dispharynf spwdis (Molin, 1858). This parasite of the proven- 
triculiis shpwed, like Syngamus differences in the frequencies 

with which if . was found in pheasants and partridges. In the former it 
a])peared only in chicks and the infections were light. In partridges on 
the contrary, it was of more common occurrence in both chicks and adults 
])ut was encountered most often and in the largest numbers in young adult 
birds." It is notable that the heaviest infections were concentrated in birds 
from one definite area, thus suggesting the existence of locally favorable 
factors for the parasite. This species has not previously been noted from 
].)artridges in Europe; It is curious that this I'elatively common parasite 
<.)f game birds in Denmark has apparently not been encountered in the 
extensive investigations on the parasites of game birds in Engiand. 
Cram (1931) has reported it from F. perdix in the United States and also 
from pheasants (1928). 

Ca pill aria contorfa (Creplin, 1839), According to Cram (1936) this 
parasite is known from a large number of birds including partridges and 
pheasants in which it occurs in the ingluvies and esophagus. As already 
noted, the direct examination of this portion of the digestive tract did not 
reveal the presence of this nematode during the first part of this investi- 
gation. The parasites were first observed when the infected tissues were 
submerged in physiological saline. They were only found in pheasants 
but were })robably overlooked in partridges. Apparently they are com- 
mon. for eight of 11 birds examined were infected. This parasite has 
not been reported from partridges or pheasants in England. 

Capillaria longicoUis (Rud., 1819). This nematode is a not infre- 
quent parasite of both plieawsants and partridges, occurring in about 25 
per cent of those examined. The infections seemed to be slightly heavier 
in pheasants than in partridges and heaviest during the summer months. 

Capillaria coliiinbae (Rud., 1819). C. colitmbae is here reported 
from partridges for the first time. It was encountered on four occasions, 
in ])Ot]i chicks and older birds from widely separated areas at all times of 
the year in light infections. It was never found in pheasants. 

Capillaria c ollaris {xon Linstow, 1873). It is only with hesitation 
that these cecal parasites are referred to the species described by von 
Linstow. In most respects they agree very well, especially concerning 
the spicule and spicule sheath of the male. In the present female speci- 
mens tliere is a protruding membranous appendage of a form differing 
from that oi C, longicoUis. According to Morgan (1932) and Freitas 
and Almeida (1935) this is characteristic only of immature females of 
C. collaris. The same ol)servation was made by Kotiman (1939) who 

t 
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distinguished C. retiisa RailHet and C. collaris, although these species are 
considered synonymous by Freitas and Almeida (1935). Curiously 
Koffman reported that C. collar is was recovered from the small intestine 
instead of its normal habitat, the cecum. 

There was a marked difference in the frequency with which this para- 
site occurs in adult partridges and pheasants, three per cent in the former, 
75 per cent in the latter. In the pheasants, the density of infection was 
appreciable, whereas in partridges the infections were very light. Oddly, 
both the incidence and degree of infection with C. colhiris was very low 
in pheasant chicks. This is the first report of C, collaris from pheasants. 

Ascaridia com par (Schrank, 1790). While this nematode is com- 
monly reported from partridges and a number of other gallinaceous game 
birds, it has never been reported from pheasants. In the present investi- 
gation it was encountered onty twice from partridges. It is obviously not 
an important partridge parasite, although it is a frequently occurring 
nematode in game birds other than partridges and pheasants in Norway 
and Sweden. Possibly A, compar is, as suggested by Baylis (1936), a 
synonym of Ascaridia gallL 

Heterakis gallinae (Gmelin, 1790). This nematode was the most 
commonly occurring helminth in chicks and adults of both hosts from all 
localities studied. The infections in chicks tended to be slightly heavier 
than in adults; the incidence of the parasite in pheasants was twice that 
observed in partridges, 81 and 40 per cent respectivel}^ The infections 
in the former were ten times as heavy as those in the latter host. 

Trichostrongylus tenuis (Mehlis, 1846). This important parasite 
was present in about 20 per cent of the adult partridges and pheasants 
examined although both the incidence and degree of infection seemed to 
vai*}” with different localities. The heaviest infections were obsei'ved 
during the summer months, although no massive infections such as are 
reported for fatal cases of trichostrongylosis were ever encountered. It 
seems reasonable nonetheless to consider this parasite potentially dan- 
gerous for Danish pheasants and partridges. The wide general distri- 
bution of the parasite might lead,- under favorable environmental circum- 
stances, to a serious epizootic. 

Coccidia 

Altogether there were seven species of coccidia encountered, four in 
partridges and three in pheasants, although for present purposes they 
will be treated en masse. They were naturally of very common occur- 
rence and were markedly more frequent in chicks and young birds than 
in older birds. As with most of the other parasites w^hich have been 
enumerated, coccidia were more common in pheasants than in partridges 
and the infections were likewise heavier in the pheasant. Christiansen 
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(1935-36) has alread}?- indicated that coccidiosis is a well known cause 
of disease in both wild and pen-reared pheasant chicks in Denmark. 

In Table 1, the frequency of infection of the tWo hosts with the various 
species of parasites is shown as a percentage for adult birds and chicks. 


Table 1. — The frequency zvith zMch Danish partridges (143 adults and 56 
chicks) and pheasants (169 adults, 67 chicks) zt^ere parasitised zvith various species 
of helminths and coccidia. The infections encountered are expressed as a percent- 
age of the number of birds examined 


* Only 11 birds examined, 


DISCUSSION 

Although much of the information which has been gained from this 
study of the parasitic fauna of Danish pheasants and partridges cannot 
be considered as new, a knowledge of the variety of parasites involved as 
well as information on their relative frequency and parasitic density was 
a necessary prerequisite for further w^ork. Granting that parasites may 
condition to some extent game management and control problems, the 
]>resent investigation, even though based on the examination of a com- 
paratively small number of birds, provides a basic quantitative back- 
ground not previously available for Danish game birds. 

The indications that the relative importance of certain parasites may 
here differ considerably from those prevailing in other game areas, as for 
example in Ejigland, seem particularly important. Interesting also is the 
fact that while the parasites taliulated in Table 1 are for the most part 
common to both pheasants and partridges, the frequency of their occur- 
rence in some instances indicated a variation in the apparent favorable- 
ness of these hosts for these specific parasites. Thus Dispharynx spiralis 
occurred more commonly in partridges than in pheasants, whereas CapiN 
laria collar is, Heterakis gallitiaey mid coccidm occurred more often in 
pheasants. Others, such as Ascaridia Capillaria colmnhae, 

occurred exclusively in one host; still others, such as C. longicalUs and 
T. tennis occurred with about equal frequency in both hosts. 



Partridges 

Per cent parasitized 

Pheasants 

I’er cent parasitized 


Adults 

Chicks 

Adults 

Chicks 

^V-cantiiocephala 

1 

0 

1 

0 

13 

Ostodes 

' 2 

■ 7 ■ 

0 

Ucliinostomes 

Nemntodf) 

0 

4 

0 

'3', 

tigugawns trachea 

•O 

0 

1 

10 

JMsphargnx spiraJh 

9 

6 

0 

3 

A<scnridia compar 

2 

0 

0 

0 

Capillaria lonaicoUis .......... 

20 

26 

23 

28 ■ ■ 

C. contorta 



73* 


C. columhae 

‘4 

*2 ■ 

0 

‘6 

C. coUaria 

3 

2, 

75 

6 

if. gallinae 

40 

52 

81 

74 

TricJiostrongylus tenuis ........ 

24 

■ 2 ■ 

22 

:0' ' 

Coecidia 

48 

62 

82 

73 

Not parasitised 

20 

13 

2 

. 24 
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The most pronounced difference attributable to age of the host oc- 
curred in the case of Trichostrongyhis t emits in both pheasants and par- 
tridges, the chicks being both infrequently and lightly infected in com- 
parison with the adult birds. On the other hand, in the case of the echino- 
stomes and cestodes, the infections were almost always in chicks and 
rarely in adults. Age differences with other parasites were suspected, 
but the limited data do not justify definitive statements. 

In conclusion it may be observed that the data offer a glimpse of a 
complex biological and ecological relationship which must certainly vary 
from season to season and contain elements which need to be more fully 
understood in order to ensure maximum numbers of these game birds 
over their range. In some places game keeping is practiced intensively. 

SUMMARY 

A total of 143 adult and 56 partridge chicks (.Perdix perdix) and 169 
adult and 67 pheasant chicks (Phasianus colchicus) from various game 
keeping areas in Denmark have been examined for internal parasites. In 
addition to coccidia, there were found an echinostome, cestodes, an acan- 
thocephalan and nine species of nematodes. The echinostome, appar- 
ently Echinostoma revolittiim, has not heretofore been reported from 
pheasants. The appearance of Dispharynx spiralis in partridges seems 
to be a new European host record. Capillaria columbae from partridges 
and C. collaris from pheasants are new host records for these parasites. 
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STUDIES ON THE LIFE HISTORY OF EUPARYPHIUM 
MEL/N (TREMATODA: ECHINOSTOMIDAE)^ 

Paul C. Beaver 


On August 8, 1938, an undescribed species of echinostoine cercai'ia 
was found in one of 133 adult Stagnicola emarginata angulata collected 
from North Fishtail Bay on Douglas Lake, Michigan. Its behavior and 
morphology were recorded and certain facts concerning the nietacercaria 
were obtained. On August 10 of the following summer, another snail 
infected with this species was discovered. On this occasion 550 N. 
emarginata angulata wtxt taken from near the first location at Nutting 
Bay on Douglas Lake. From experiments on the material thus ob- 
tained, the redia, cercaria, nietacercaria, and adult stages were determined 
for a species which seems to be identical with Euparyphitiin melis 
(Schrank, 1788). 

THE CERCARIA 

(Figs. 7, 8, 9) 

The cercariae emerge between 5 and 9 PM, and live about 24 hours 
in the laboratory. They swim and creep with comparativel}^ great speed, 
and characteristically are nearly equally distributed throughout the con- 
tainer until they become spent and settle to the bottom. During the 
period soon after emergence, they alternately creep and swim in intervals 
of 2 to 3 minutes. In behavior and general appearance, this cercaria is 
strikingly similar to the cercaria of Psilostonmm ondatrae Price (Beaver, 
1939b). Contracted, the body is somewhat angular in outline with the 
width and length about equal ; extreme extension brings its width to less 
than one-eighth its length. The tail may contract to one-third its greatest 
length. The cercariae readily detach the tail when put under pressure 
of the coverglass and are crushed more easily than most echinostomes. 

Description: Body relatively transparent, colorless; elongate but with stout pro- 
portions, the post-acetabular region slightly set-off from the remainder; greatest 
width in relaxed condition near middle of pre-acetabular region, Cuticula thick but 
relatively soft, bearing extremely minute spines anteriorly, and extending beyond 
margins of suckers to form a transparent ruffle on the border of each. Collar spines 
easily seen, distributed as follows : 4 angle spines, 6 laterals in a single row, and 7 
dorsals in a double row, 4 of the dorsals being oral. Angle spines much larger than 
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the others. Although the spines are well developed the collar itself is almost indis- 
tinguishable. 

Oral sucker terminal, or slightly subterminal, muscular. Width of pharynx one- 
third that of oral sucker. Acetabulum in posterior third of body, very muscular, 
slightly protrusible, somewhat larger than oral sucker. Gut without lumen but evi- 
dent in both living and fixed preparations. Excretory bladder with large posterior 
chamber and smaller anterior one, both contractile. Excretory siphons arise mesi- 
ally from bladder, extend much coiled to sides of acetabulum where they describe a 
sharp lateral loop, then become inflated as they form three (sometimes 4) rounded 
loops containing 15 to 25 large scattered granules along sides of esophagus. Before 
reaching level of pharynx siphons become small and straight ; at level of angle spines 
they reverse their course and extend unbranched to extreme posterior end of body 
where branching occurs, Vibratile tufts in the latter are about 10 in number. 
Flame cells 17 or 18 on each side, apparently arranged in 6 groups of 3 each, half 
above and half below the acetabulum. The 3 in the region of the oral sucker are 
definitely arranged in a single group, the others appear to be so arranged. 

Portion of body above level of pharynx very clear; remainder of body more 
granular due to angular masses of finely granular cystogenous materiaL Six pairs 
of large nuclei appear along sides of esophagus in stained specimens. No cephalic 
ducts w'ere observed. Tail terminal, plain, having no fins or folds, and provided with 
both longitudinal and circular muscles to the extreme tip. Caudal excretory tube 
extends through first fourth of tail, bifurcates, and attaches to, but does not empty 
through, the lateral Avail. 

Measurements on fixed material extended as in Fig. 7 are: body length, 0.384 
mm; tail length, 0.545 mm; body width at crown, esophagus, and acetabulum respec- 
tively, 0.08 mm, 0,18 mm, 0.15 mm; greatest width of tail 0.052 mm; oral sucker, 
0.060 by 0.054 mm; pharynx, 0.024 by 0.018 mm; esophagus, 0.169 by 0.012 mm; 
acetabulum, 0,054 by 0.078 mm; angle spines, 18-20 p by 2-3 ft; dorsal spines, 12-14 p 
by 2-3 p. The following additional measurements were made on living material 
under a coverglass: diameter of siphon granules, 4-14 ^ ; greatest extension of body 
about 0.5 mm; tail, 0.55 by 0.06 mm; acetabulum, 0.09 by 0.08 mm; oral sucker, 0.08 
by 0.07 mm; length of flame cells, 

THE REDIA 

(Figs. 10, 11) 

The infections were old and both of the snails examined had been in 
the laboratory more than three weeks. Tliey were alive when opened, 
however, and althoiigli only a few cercariae were emerging during the 
period immediately preceding the examination, an abundance of active 
i“ediae of various sizes were obtained from the liver and gonad. The long 
period in the laborator}^ may account for the presetice of not more than 3 
mature cercariae in the largest rediae. 

Description: Living specimens very active, especially younger ones; body long, 
slender, sharply tapered at posterior end; colorless even in oldest individuals. Ap- 
pendages unusually long and motile, attachment distinctly ventral; distance from 
posterior end to appendages about one-fourth total body length but varies between 
oiie-fifth and three-fifths. Collar well developed, motile, conspicuous in all states of 
contraction and after fixation; completely divided into 4 lobes, a dorsal, a ventral 
and 2 laterals ; located well back of anterior end, half-way between oral sucker and 
birth-pore. Birth-pore dorsal and usually very conspicuous. Sucker ordinary. Gut 
large, often quite filling the body, and extending well beyond appendages. Measure- 
ments on well extended fixed material: average mature specimens, 1.4-1. 7 mm in 
length ; sucker, 56 by 50 p to 80 by 60 p. Excretory bladders somewhat nearer ap- 
pendages than collar; two groups of flame cells on either side, each containing 24 or 
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more flame cells in specimens around 1.5 mrri in length; anterior pair located just 
posterior to collar, the other one at base of appendages. No mother rediae were 
observed although immature rediae that apparentlj^ had recently emerged were 
numerous. The smallest of these was 0.32 mm in length. 


THE METACERCARIA 

(Figs. 12, 13) 

Under pressure of the coverglass cercariae often lose the tail and form 
imperfect cysts. Normal encystment could not be induced, however. 
When isolated with various species of fish (Amemrus nehulosus, Perea 
flavescens, Umbra Ihm, Lepomis paUidus, Anihloplites rupestrisj and 
Per etna caprodes) some of the cercariae would spend short periods creep- 
ing on them and a small percentage would encyst in the nostrils and 
cloaca. This was observed more often in Ameiimts nebulosus than an\' 
other species of fish. 

When isolated with tadpoles, the cercariae behave in a very different 
manner. They are quick to settle on the tadpoles, begin rapid creeping 
immediately, and enter the cloaca in a remarkably short period. Their 
behavior in this respect is identical with that previously described for 
Echinostoma revolutiim (Beaver, 1937) in which the direction taken is 
ventro-posterior towards either the cleft between the body and tail or the 
ventral margin of the tail, and from there directly to the cloaca. Now 
instead of following the mesonephric ducts forward as is the case in 
Echinostoma revolutiim, Echinoparyphmm recttrvalum, N ephrostomum 
ramosuni, and some other species of echinostomes, they penetrate the 
cloacal wall, migrate a short distance through the tissues, and encyst either 
in the skin or subcutaneous tissues. Occasionally a cyst is found in the 
deeper connective tissues. The cyst is almost spherical and extremely 
thin- walled when formed. The wall remains thin in cysts located in the 
epidermis, but in the dermis and deeper tissues a heavy fibrous wall of 
host tissue is added in 5 or 6 days. Heavily infected tadpoles are readily 
recognized by local swelling and rough thick skin in the cloacal region 
(Fig. 13). Exclusive of host tissue, the cysts vary from 0.152 by 0.143 
mm to 0.170 by 0.170 mm. The true cyst-wall is 2-3 p thick and the host 
tissue after 37 days was found to be 0.120-4).133 mm thick on cysts that 
were removed from the host. 

During the first three waeks in the cyst there is continuous growah in 
the metacercaria, and noticeable changes in its morphology occur. As it 
increases in size tlie body becomes flexed ventrally, and the suckers and 
j)harynx, especially the latter, become proportionately larger than in the 
cercaria ; the gut develops a lumen ; the siphon granules remain the same 
in number and size but extend into the post-acetabular region; the cuticu- 
lar spines become relatively large and conspicuous; and the collar itself 
becomes more pronounced. The following measurements w’ere made 
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(without pressure) on a living specimen 21 days old : diameter of acetabu- 
lum; 90 li ; oral sucker, 70 by 60 p ; pharynx, 36 by 30 p ; length of dorsal 
collar spines, 18-20 p ; length of angle spines, 24-28 p; body extended, 
0.42 by 0.16 mm. 

The metacercaria is probably infective after three weeks. At any rate, 
there is no fiuther noticeable development in stages up to 37 days of age. 

THE ADULT 

(Figs. 1-6) 

Metacercariae under 6 days of age were fed to a rat, 2 mice, a cat, and 
a pigeon. All were negative when examined 3 and 8 days after feeding. 
It was later observed that the metacercariae were undergoing development 
in the cysts and because experimental material was relatively scarce, no 
further attempts were made to obtain adult worms until the metacercariae 
wei'e 3 weeks old. Then 2 kittens and a ferret were fed infected tadpoles. 
The kittens were each given 2 tadpoles carrying about 50 cysts. Both 
were negative when examined after 5 and 8 days. The ferret was given 
5 tadpoles carrying about 100 metacercariae, 26 to 37 days of age. It was 
fed nothing but fresh pork liver and canned fish. A severe diarrhea de- 
veloped on the 9th day and persisted through the 10th and 11th days. 
Because unhealthy animals frequently lose intestinal worms, and especi- 
ally because it was observed that the ferret had eaten about 30 .square 
inches of a cotton towel, it was thought advisable to terminate the experi- 
ment. One immature worm was found high in the duodenum. About 2 
hours later, after this worm had been studied, described, and fixed, the 
stomach was examined. Most of the toweling was still in the stomach. 
No worms were found. 

The tadpoles used in these experiments were collected from an acid 
lake where snails do not occur, and where many other tadpoles have 
consistently been found by numerous investigators to be negative for larval 
trematodes. There seems to be no doubt about the history of the worm 
found in the ferret. The cephalic spination is identical in the cercaria, 
metacercaria, and adult. The character of the suckers, cutictila, and body 
proportions are likewise similar in the metacercaria and adult. 

Because the experimental worm is immature, some of the taxoiKjmi- 
cally important features of the echinostomes, such as vitellaria, ova, and 
cirrus sac complex, can not be described for it (Fig. 6). Other struc- 
tures, however, are well formed and enough of its specific characters are 
evident to make its identification positive. 

Descnption: Body fusiform, rather stout in moderate state of contraction. 
Length, 1.46 mm; width at acetabulum, 0.348 mm; width of collar, 0.18 mm. Oral 
sucker sub-terminal, 0.09 by 0.84 mm ; pre-pharynx short ; pharynx, 0.070 by 0.056 
mm; esophagus and ceca simple, the latter reaching almost to posterior end. Ace- 
tabulum powerful, situated above middle of body, 0.204 by 0.210 mm. Testes median. 
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half way from acetabulum to posterior end, round. Ovary immediately anterior to 
testes, slightly dextral, round. Uterus short, coiled transversely. Cirrus sac pyri- 
form, widest anteriorly, dorsal to and in front of the anterior part of acetabulum. 
Cuticula thickly set with minute spines on anterior half of ventral side and on pre- 
acetabular portion of dorsal side. Collar not pronounced but clearly evident ; spines 
arranged as in cercaria and metacercaria ; angle spines about 37 by 6 j-i, dorsal spines 
about 32 by 5 p. Excretory pore distinctly dorsal 

There are two known species that closely resemble the experimental 
worm. Euparypkmm melts (Schrank, 1788) is found in several species 
of European Mustelidae (Mustela joina, Lutra vulgaris, Meles taxus) 
(Dietz, 1910) and also has been reported from the mink {Mustela vison) 
in North America (Law and Kennedy, 1932). Euparyphium inerme 
(Fuhrmann, 1904) occurs in the otter {Lutra sp.) in Java, and has been 
reported once from North American mink (Price, 1932). Other species 
which have been placed in the genus Euparyphium are : £. jassyense Leon 
and Ciurea, 1922, E, capitaneum Dietz, 1909, £. incrassatum (Dies.), E. 
suinum Ciurea, E, spiculator Obitz, 1933, E, guerreroi Tubangiti, 1931, 
E, Uocanmn (Garrison, 1908), £. mttrinum Tubangui, 1931, and E. 
nialayanum {'Ltiper, 1911). 

Through the kindness of other collectors, several good series of worms 
were received from the mink and otter in this country and from the otter 
in Java, The material from Java corresponds in nearly all details with 
the description oi Euparyphiutn inerme. Cuticular spines were absent in 
Fuhrmann’s specimens and spines of the cirrus were not mentioned in 
the description. Both are present in my specimens and they all have 
27 instead of 26 collar spines. In spite of these differences in observa- 
tions, it seems probable that the two collections are of the same species. 
Neither the experimental worm nor any of the series from North Ameri- 
can hosts can be E. inerme. In the latter, the testes are extremely long 
and winding in older worms, and are very elongate in immature ones. 
The collar spines are longer and more slender, the acetabulum is relatively 
larger, and the body is more compressed dorso-ventrally in E. inerme. 

The material from this country is without question the same species as 
that reported from the mink by Law and Kennedy (1932) and described 
as Euparyphium melis (Schrank). Comparison of the European form 
(based on Dietz, 1910) with the North American specimens reveals a 
few possible points of difference. In the former, the 27 collar spines are 
rounded at both ends and 10 of them are described as oral The ac- 
companying text figure shows but 4 distinctly oral, however. In well fixed 
specimens of my collection, all spines of the collar are pointed at the outer 
ends and 4 of the dorsals are oral in position. That these differences are 
not real, but rather are due to different post-mortem histories and dif- 
ferent interpretations of the structures observed, can not be demonstrated 
now. The two collections are so similar in other respects that a new name 
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for the American species probably would be rejected as soon as the 
European form is better known. 

Since it is not certain that the European and American forms are 
identical, and no taxonomic description has been published for the latter, 
such a description is here given, based on whole mounts and sectioned 
specimens from the mink collected in Michigan and Minnesota, and from 
the otter collected in Michigan. 

Euparyphiim me I is (Sdirank) 

Description: Body elongate, rounded at both ends; sides tapering anterior to 
acetabulum, more parallel in hind body. Mature worms range between 3,86 by 0.65 
mm and 10.5 by 2.1 mm, with the greatest width at or just back of the acetabuluoL 
Cuticular spines very minute, extending to acetabulum dorsally and to testes veir- 
trally. Oral sucker sub-terminal, walls thick, shape pyriform with narrowest part 
posterior ; its posterior border reaching level of angle spines. Crown inoderatel}’' de- 
veloped, well set off in living worms and well fixed ones, but much less so in w’orms 
fixed post-mortem. Collar spines large, rather stout, abruptly tapered at outer end, 
widest level often just proximal to taper ; 27 in number with 4 on each angle, 6 in a 
single row^ on each side, 4 orals and 3 aborals on the dorsal side. Angle spines in 2 
pairs, one over the other, the deeper or more posterior pair being somewhat larger 
than the other. Lateral spines about equal, and general!}^ much smaller than angle 
spines. Dorsals slightly larger than laterals but smaller than those of the angle.s ; 
orals slightly larger than aborals. Pharynx ovoid, length about two-thirds diameter 
of oral sucker. Neck narrow^er than crowm in extended w^orms. broader in contracted 
ones. Bifurcation of esophagus immediately in front of acetabulum. Wall of esoph- 
agus same as in ceca. Acetabulum almost spherical, with thick walls; depth usually 
less than diameter ; located far above middle of bod}''- 

Testes tandem, usually contiguous ; tend to be plain and round, become elongate 
in older worms and may have 1 to 4 shallow notches in the inargins; their location 
varies with length of worm but tends to be nearer acetabulum than posterior end. 
Cirrus sac elongate, extending just beyond middle of acetabulum in some specimens. 
Seminal vesicle long, slender, straight ; divided into large posterior and smaller an- 
terior chambers ; w^all of anterior portion thick, containing 30 to 36 muscle bands 
wdiich are ver}’ prominent in transverse sections. Pars prostatica about same length 
as muscular portion of seminal vesicle ; prostate gland moderately developed. Cirrus 
very long, much coiled when withdrawn; length about 0.8 mm in specimens 5-6 mm 
long; spines on cirrus thickly .set, about 2^ long: evident in sections or when 
extended, and may be seen inside of cirrus sac in some specimens. 

Ovary regular in outline, spherical to pyriform, located on right side and slightly 
ventral. Oviduct arises from dqr.sal side. Laurer’s canal well developed with large 
lumen and median dorsal opening to outside, Mehlis’ gland broadly oval wdth sharp 
regular margins; compact cells of tw'o distinct types, larger basophil proximal cells 
and more numerous but smaller neutrophil cells. The most proximal portion of 
uterus forms seminis receptaculum uterinum; true seminal receptacle absent (.Fig. 
5). Uterus short, forming 3 to 5 transverse coils back of acetabulum. Metraterm 
on left side of cirrus, not especially muscular and not w^ell set off from uterus ; open- 
ing of metraterm back of cirrus. Vitellaria extend from level of anterior margin of 
ovary to posterior end of body, the two fields confluent along dorsal side and to a 
less extent along ventral side back of testes ; often there are almost no follicles along 
mid-ventral side. Vitelline follicles irregular in shape, 40-120 u in diameter. Vitel- 
line ducts pass ventral to ceca and enter vitelline reservoir separately ; re.servoir well 
developed, situated dorsal and posterior to remainder of female complex. Ova large, 
with heavy shells, amber in color; 117 by 72 ii to 130 by 84 p. Excretory pore sub- 
terminal, distinctly dorsal. 
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Meastirenients on average specimen: length 6.1 mm; width at acetabulum, 0.82 
mm; width of collar, 0.52 mm; oral sucker, 0.282 by 0.291 mm; pharynx, 0.198 by 
0.148 mm; distance between suckers, 0.68 mm; diameter of acetabulum, 0.214 mm; 
cirrus sac, 0.602 by 0.260 mm; distance between acetabulum and ovary, 0.300 mm; 
ovary, 0.256 by 0.215 mm; Mehlis’ gland, 0.300 by 0.215 mm; anterior testis, 0.563 by 
0.382 mm; posterior testis, 0,700 by 0.420 mm; length of post-testicular region, 2.75 
mm; ventral angle spines, 100 by 32 p,; dorsal angle spines, 120 by 38 p; third lateral 
spine, 80 by 26 p ; second oral dorsal spine, 104 by 32 p; middle aboral spine, 98 by 
28 p ; body spines at level of genital pore, 18 p 

Hosts : Mustela vison and Lutra canadensis. 

Location : Stomach and upper duodenum. 

Distribution in North America: Michigan, Minnesota, Ontario. 

Museum specimens: U. S. Nat. Mus. Helm. Coll. Nos. 36686-36691. 

Autopsy records give both the stomach and duodenum as sites of in- 
fection. The experimental worm reported here was taken from the duo- 
denum near the pylorus. None w*as found in the stomach although 
several ma}^ have been present and overlooked because of the unfavorable 
conditions under which the examination was made. 

DISCUSSION 

The life cycle of Euparyphmm melis differs markedly from all life 
cycles yet determined for apparently closely related species. Enparyph-- 
win ilocanitm as determined by Tubangui and Pasco (1933) differs by 
having a redia with a complete collar and short gut, a eercaria with narrow* 
well-filled siphons and pronounced collar, a metacercaria that occurs in 
snails in heavy- walled cysts, and an adult with very numerous collar 
spines, long uterus, and vitellaria reaching far above the ovary. Euparyph- 
iiim jimrinuui as determined by Tubangui (1932) differs in exactly 
the same characters as Eitparyphhmi Uecammi, having only 45 to 46 
collar spines instead of 51, how^ever. Rao (1933) did feeding experiments 
with metacercariae in snails and fish from w^hich he obtained adult 
echinostomes in two dogs and a kitten. He regarded these adult worms 
as identical with Eiiparyphhmi vialayamim Since both 

snails and fish were fed to the experimental animals, the origin of the 
w'orms is uncertain. 

The four-lobed or broken collar of the redia in £. melis is the third 
of its kind to be described within the past year. The other twro are 
Psilostomum ondairae and Pefasiger nitidtis (BesiYeTy 1939a, 1939b). 
Since many other echinostome and psilostome rediae have been described 
as having a complete collar, it w^as thought good to reexamine the collar 
of all forms available. It was found that the rediae of Echinostoma revo- 
hittmi, Echinoparyphium reciirvatiim, Stephanoprora sp., Echinochasmits 
sp., a 35-spined echinostome (apparently Umbifera Seifert), and 

if y/> oc/am K sp. have the simple complete collar. 

The purpose of the feeding experiments primarily w’as to connect the 
larval stages with an adult species. Sufficient numbers of cercariae for 
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Other important experiments were not available. The miracidium is 
tindescribed, the length of time necessary for metacercarial development 
is not known exactly, and the usual location of the adult stage within the 
host has not been determined satisfactorily. 

SUMMARY 

1. A new echinostome cercaria having 27 collar spines and plain tail is 
described from Stagnicola emarginata angulata from the region of Douglas 
Lake, Michigan. 

2. The redia is of the long gut type, having prominent appendages, 
broken collar, and no pigment. 

3. Tadpoles of several species were experimentally infected with the 
metacercaria which forms a thin- walled cyst in the skin or subcutaneous 
tissues in the region of the cloaca. 

4. The adult stage was obtained by feeding metacercariae which were 
over three weeks of age to a ferret. 

5. The adult worm is identical with a species previously reported from 
the North American mink (Musfela zdson), and probably is identical with 
the European species, Euparyphhmi in el is (Schrank, 1788), 

6. The North American form is redescribed. 
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Explanation of Plate, p. 44 
Drawings made with the aid of a camera Incida 

Fig. 1. Adult of average size from a mink. Ventral vie w. 

Fig. 2. Head crown of the specimen shown in Fig, 1. 

Fig. 3. Head crown of the specimen shown in Fig. 6. Lateral view. 

Fig. 4- Sagittal section through the suckers, cirrus sac, genital pore, esophagus, 
and pharynx of an adult. 

Fig. 5. Graphic reconstruction of the female genital complex viewed from the 
posterior end. The dorsal side is above. 

Fig. 6 . Young adult from an experimental ferret. Ventral view. 

Figs. 7 and 8. Cercariae showing typical attitudes of the body and tail. 

Fig. 9. Cercaria. Ventral view of the body moderately extended. (Outlines 
drawn from an unflattened fixed specimen. Details of the excretory system added.) 

Fig. 10. Redia. Lateral view of the anterior end showing relationship of the 
mouth, gut, collar, and birthpore. 

Fig. 11. Redia. Lateral view of an average specimen. 

Fig. 12. Metacercaria in cyst. Age 17 to 21 days. 

Fig. 13. Transverse section of an infected tadpole, cut at the level of the cloaca 
and posterior limb buds. Location and size of metacercariae are shown by the small 
open circles. About 30 metacercariae appear in this section. 






TRYPANOSOMIASIS IN THE FLORIDA COTTON RAT, 

SIGMODON HISPIDUS LITTORALIS 

James T. Culbertson 

Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 

The blood of a number of wild Florida cotton rats (Sigmodon his- 
pidus lit tor alls) (1), recently received for experimental purposes by in- 
vestigators in this laboratory, was examined for the presence of natural 
infections with trypanosomes, and some of the animals were found to be 
positive.^ Since, so far as the writer is aware, no natural trypanosome 
has previously been described for this species of host, the natural and ex- 
perimental infection with this form has been studied carefully in some 
detail. At the same time, the susceptibility of the cotton rat to induced 
infection with other species of tr^^panosomes has also been investigated. 
The observations made during the study provide the data for this report. 

THE NATUR^\L TRYPANOSOME OF THE FLORIDA COTTON RAT 

Incidence of infection. The tail blood of 90 cotton rats w^as examined 
for trypanosomes promptly on the arrival of these animals by express 
from the commercial shipper (Zoological Research Supply, Englewood, 
Florida), who had obtained the animals from the field. Of this number, 
18 (20 per cent) were naturally infected with the tiypanosome, the para- 
site being found in the tail blood. The host animals weighed from 50 to 
150 grams, small and large animals having about equal incidence of in- 
fection. The animals appeared not to suffer from the trypanosome, none 
succumbing from the effects of either the natural infection or the experi- 
mentally induced infections. 

Description of the trypanosome. In fresh blood examined (x430) 
under the cover slip, the trypanosomes moved actively, but made com- 
paratively little headway. They did not readily leave a given microscope 
field, and often confined their activity to a small zone of the blood fluid 
from which by their movements they had pushed back the erythrocytes. 
In blood films treated with Wright's stain, the forms appeared as typical 
trypanosomes, with a nucleus set only very slightly, if at all, forward of 
the cell center. A well-developed flagellum and undulating membrane, 
and a fairly prominent kinetoplast were present. The posterior end of 
the cell was sharply pointed. No multiplying cells were observed in 
films of the peripheral blood, although films were prepared only from 

Received for publication, April 25, 1940. 

1 The writer wishes to acknowledge the kindness of Dr. C. W. Jungeblut in 
providing these animals for examination and experimentation. The work was aided, 
also by a grant from the Dr. Philip Hanson Hiss, Jr., Memorial Fund. 
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cotton rats infected ten days or more previously. Measurements of 25 
trypanosomes with a filar ocular micrometer revealed the following di- 
mensions : length range 14.<S p to 20.0 p with mean length of 16.9 p, and 
greatest breadth range 1.6 p to 2.5 p, with a mean greatest breadth of 
2,0 p. These dimensions for length exclude the free flagellum which 
ranged from 2 p to 5 p, and those for greatest breadth exclude the undu- 
lating membrane. The blood films used for these measurements were 
prepared by the following technic: They were let dry without special 
fixation ; Wright’s stain was applied for 1 minute ; an equal amount of tap 
water was added to the Wright’s stain and the mixture let stand on the 
film for 3 minutes ; and the film was washed in tap water. After drying, 
the film was examined with an oil immersion objective (x93) and the 
filar micrometer ocular (x 8). 

As yet, only the heart has been examined in section for fixed-tissue 
stages of the parasite. None was seen in its tissues. 

Oultwafion, Several attempts to cultivate the cotton rat tiu'patiosome 
in N.N.N. medium were made, but with no success. Inoculated parasites 
survived up to four days in the test tube, but no evidence of their multipli- 
cation was noted. The addition of 0.1 cc of infected cotton rat blood to 
5 cc of nutrient broth (a procedure the author has found successful for 
cultivating T, crusi from the albino rat) also failed to result in the culti- 
vation of the cotton rat trypanosome. 

Normal course of an experimentally induced infection in the cotton 
rat. The natural trypanosome infection in the cotton rat can with, facility 
be carried artificially by transfer of infected blood to other cottoji rats. 
In the present work, blood from a heavily infected donor animal was 
emulsified in nutrient broth and inoculated intraperitoneally. Infections 
thus induced with this trypanosome generally remained patent for at 
least one month, following a prepatent period of 6 to 10 days. Tlie peak 
of the infection occurred about one week after the parasites first appeared 
in the blood, the parasite count at this time occasionally reaching 25,000 
organisms per emm of tail blood. The data for the course of infection in 
a representative animal are given in Table 1. 

Natural transmission. The natural vector of this trypanosome among 

Table 1 . — llie course of an ex penmen fatly induced infection with the -cotton rat 
trypanosome in the cotton rat 


Cotton' 

i^arasite counts on desipfiiated days after Infectiou 

Rat No. 

8 10 12 15 IT 20 22 25 28 20 22 

. 1' 

1 + + 21? 8T 12T 9T 9T 7T 2T ‘f+ + ' 


Key to parasite counts : 

0-no parasites in 50 microscope fields (x4;t0) ; 

-T- = less than 1 j)arasite per field; 

2+ = from 1 to parasites per field ; 

2T, 8T- thousands of parasites per cnim of tail blood hv hemocvioiueter. 
etc 
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cotton rats has not been determined. In the pelage of the animals, fleas 
and lice are often observed for a few days after the cotton rats arrive, but 
none of a number of such insects on dissection has been found infected 
with stages of trypanosomes. Mites as well as the fleas have been found 
in the litter of the shipping cages. The species of the insects and the mite 
have not been established. 

Experimental inomlation of other hosts. Rabbits, guinea pigs, and 
albino rats and mice were inoculated with a broth suspension of the cotton 
rat trypanosome, to determine the susceptibility of these host species to 
the parasite. Of the several hosts only the albino rat — ^and of the rats 
only young individuals — ^proved susceptible to demonstrable infection. 
The susceptible albino rats were nurslings 9 days old when injected. 
They were positive on examination of tail blood after from 4 to 8 days, 
and occasional trypanosomes were seen thereafter for about 10 days. 
The infections were extraordinarily mild in every case, never as many as 
1 parasite being seen per 10 microscope fields (x430). No infection 
resulted in a second group of nursling rats to which blood from these 
infected nurslings was transferred (see Table 3). 

Effect of gernianin and of normal human serum. The cotton rat 
trypanosome was tested for susceptibility to gernianin (Bayer 205) and 
to fresh normal human serum. These materials are without effect upon 
many species of trypanosomes, including those of the lewisi group, al- 
though they are highly active in destroying certain of the pathogenic 
trypanosome, such as T. equiperdum and its relatives. The present ex- 
periment was carried out upon 5 cotton rats already well infected with 
their natural trypanosome, to determine whether the cotton rat trypano- 
some resembled r. lewisi or T. equiperdum in its susceptibility to ger- 
manin and human serum. To 2 of these, 10 mg of germanin was given 
intraperitoneally and, to a third, 2 cc of fresh normal human serum was 
injected by the same route. The trypanocidal activity upon T. equiper- 
dum of both the drug and the serum was proved by a control test in albino 
rats infected with T. equiperdum. All five of the cotton rats were ex- 
amined just prior to treatment and again 24, 48, and 72 hours after treat- 
ment. In no case was the number of trypanosomes in the cotton rats 
affected by the treatment, although both substances removed T. equi- 
perdum from the peripheral blood of the albino rats within 24 hours. 

STUDIES ON IMMUNITY WITH THE COTTON RAT TRYPANOSOME 

Resistance to reinfection. A cotton rat which had recovered just two 
weeks earlier from a heavy infection with the cotton rat trypanosome 
(Rat No. 1, Table 1) was, along with a normal cotton rat, ^ reinoculated 

-Since only field-caught animals were available for this work, one was never 
certain that new animals used as controls had not recovered from infection prior to 
arrival in the laboratory. This difficulty was overcome only by using a dispropor- 
tionately large number of control animals in each experiment. 
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with the same trypanosome. The recovered cotton X’at showed no iiifec- 
tion at any time after reinoculation. The control cotton rat showed the 
parasite on the tenth day after infection, and the parasite count rose sub- 
sequently, with its peak about one week later. The results of this test are 
given, together with the results of a test for the passive ti*ansfer of immu- 
nity against this parasite, in Table 2. 

Tatsle 2. — Specific immunity of the cotton rat after reco'very from infection with the 
cotton rat trypanosome, and the transfer of this immunity in the serum 


Parasite counts on designated days after 


('’otton ' 
Hat Xa. i 

i Treatment 

1 infection 

i 8 

10 

12 • 

15 

17 

20 

1-^ i 

Actively iininune by reco\'ei*y 

1 0 

0 

0 

0 

0 

0 

2t 1 

Passively immune 

I U 

0 

0 

0 

0 

u 

3 

Normai control 

i i) 

*r- 

2-:. 

(5T 

7T 

7X 


Key to parasite counts: same as Table 1. 

Same as cotton rat No. 1, Table 1 ; reinoculated 2 weeks sifter recovery from inltiitl 
infe<-‘tion. 

t Inmiunized passively with 1 cc of seiniiii from recovered cotton rat No. 1. 

PaSs^ivo transfer of acquired ininmnity in the serum. A very small 
normal cotton rat was inoculated together with the 2 cotton rats men- 
tioned in the preceding section with a suspension of cotton rat trypano- 
somes. This animal was injected at the same time with 1 cc of serum 
from the cotton rat (No. 1) known to have recovered 2 weeks earlier 
from infection with the cotton rat trypanosome. The test animal given 
the specific antiserum remained permanently free of the parasites, al- 
though the control animal showed parasites on the tenth day subsequently. 
The parasite count in the control animal rose thereafter in the usual 
manner of this infection. It is indicated by this work, the results of 
which are shown in Table 2, that the immunity of the specifically re€ 0 \'- 
ered cottmi rat can lie passively transferred in the serum to a normal 
animal. 

Thirty-five days after the initial injection of tr\’panosomes into the 
passively immunized rat, this animal was reinjected with the cotton rat 
trypanosome. After a prepatent period of 11 days, the animal became in- 
fected and showed the usual course of infection of a normal animal. It is 
thus shown that the passive immunity in the cotton rat against the cotton 
rat trypanosome is of the expected comparatively brief duration. 

Immimity of albino rats to T. lewisi and of cotton rats to their irv- 
panosome after inoculation until the alternate parasite. One normal cot- 
ton rat was injected with T. lewisi and three nursling albino rats were 
injected with the cotton rat trypanosome. No parasites w'ere seen at any 
time during 17 days after inoculation in the cotton rat, although a con- 
trol albino rat injected with the same suspension of T. lewisi promptly 
contracted a heavy infection. This cotton rat was then inoculated with 
the cotton rat trypanosome. The ensuing infection, which w^as first 
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patent twelve days later, lasted 30 days, although its intensity was ex- 
traordinarily low and on some days no infection was demonstrable. The 
three albino rats suffered veiy mild infections with the cotton rat try- 
panosomes (as stated also in an earlier section of this paper), and over- 
came their infections with no difficulty. On inoculation of T. lezvisi to 
these albino rats three weeks later, no infection resulted, although control 
albino rats promptly became infected. From this, it is indicated, as 
shown in Table 3, that prior inoculation of the albino rat with the cotton 



Table 3. — Demomtration of (1) immunity of albino rat to T. lewisi after inoculation 
with cotton rat trypanosome, and (2) partial immunity of cotton rat to its 
natural trypanosome after inoculation with T. lewisi 
PxVRT 1 : Albino Rats 

Oo\u*se of cotton rat trypanosome infection, Course of CT. lewisi infee- 
Animal designated days tion, on designated days 


No. 


~ 











4 

6 

8 

10 

12 

14 

16 

4 

6 

8 

10 

1 ' 


0 

4" 

•f 

+ 

-1- 

0 

0 

0 

0 

0 

2 

0 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

.3 

+ 

+ 

0 

"H 

'h 

•f 

0 

0 

0 

0 

0 

4 


Control 

s5, not 

infected 




! 3+ 

4+ 

4+ 

3+ 

5 


with 

cotton 

rat 




-3+ 

4“i" 

4+ 

3+ 

6 


trj 

'j>anosome 




2+ 

3+ 

■h 

0 


lAiRT 2 : Cotton Rats 


Course of infection with cotton rat trypanosome, on 
designated days 

¥" 9 10 12 15 17 21 25 , 27 30 83 35 36 

10 T. lewisi previous- 

ly inoculated* 0 0 0 + -t-f + + 0 + + 0 0 0 

11 Control + -1- 6T IST 23T 13T IIT 7T 7T 8T 2+ + 0 


* Infection with T. lewisi in cotton rat No. 10 was never demonstrated directly in the 
peripheral blood. 

t The heaviest infection with the cotton rat trypanosome occurred on the fifteenth 
day, when 22 parasites were seen in 50 microscope fields. 

Key to counts of cotton rat trypanosome, same as Table 1. 

Key to counts of T. lewisi: 

0~ no parasites in 50 fields of microscope (x 430) ; 

+ = less than 1 parasite per field ; 

2+ = between 1 and 5 parasites per field ; 

.3-f s= from 5 to 25 parasites per field ; 

4+ - over 25 parasites per field. 

rat trypanosome, or of the cotton rat with T*. lezvisi protects these animals 
against infection from the subsequent inoculation of the alternate species 
of parasite. Aj;lose immunological relationship is thus indicated between 
these two speaes^ofTs^rasites. 

TAXONOMV; OF THE COTTON RAT TRYPANOSOME 

In a number of respedts the cotton rat trypanosome appears to be dis- 
tinct from/T. lezvisi: it does not grow easily, if at all, in the usual 
N.N.N. medium in which T. lezvisi thrives; its nucleus is not so far for- 
ward in the cell as is that of T. lezvisi; and it does not produce infection 
in the albino rat comparable in intensity to those with T. lezvisi On the 
Other hand, the cotton rat tr3’'panosome appears to be immunologicalh* 
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similar to T. lewisL Young albino rats on recovery from mild infections 
with the cotton rat trypanosome are immune to T. lewisi and the prior 
inoculation of cotton rat with T: lezvisi appesits to enhance its resistance 
to a subsequent infection with the cotton rat trypanosome. This immu- 
nological data suggests a close taxonomic relationship between T. lewisi 
and the cotton rat trypanosome, the latter perhaps representing a physi- 
ologically distinct strain of the letvisi type of trypanosome. Because, 
however, there are differences in morphology as well as in infectivity 
from the type species, it seems reasonable to ascribe to the cotton rat 
trypanosome a new specific name. The name Trypanosoma sigmodoni 
is, therefore, suggested as an appropriate name for the trypanosome of 
the cotton rat. 

Trypanosoma sigmodoni n. sp. 

Specific diagnosis: Protomonadida, Eunionadea, Trypanosomidae. Genus Try- 
panosoma. Characteristics of the genus. This species characteristically presents its 
nucleus only slightly if at all forward of the cell center, and its somewhat prominent 
kinetoplast near the pointed posterior end of the cell There is a well-developed free 
flagellum, and the usual undulating membrane. Division stages have not as yet been 
seen in either the blood or the fixed tissues. The trypanosome is small, measure- 
ments on 25 parasites being : 14.8 p,-20.0 p-X 1.6 p-2.5 p. ; mean 16.9 pX 2.0 p (all mea- 
surements exclusive of free flagellum and of undulating membrane). The species 
produces experimental infections of very low intensity in young albino rats, but does 
not infect guinea pigs, rabbits, or albino mice. 

Host: Sigmodon hispidus litt oralis (Mammalia, Rodentia). Florida cotton rat. 

Habitat: Blood. 

Locality: Englewood, Florida. 

SUSCEPTIBILITY OF THE FLORIDA COTTON RAT TO TRYPANOSOMES OF 

OTHER HOSTS 

Cotton rats were tested for susceptibility to T. equipcrdum, T, iezcisi, 
and T, duftoni. The animals were found to be about as susceptible as 
albino rats to T. equiperdum. For example, one cotton rat was dead of 
the infection, its blood swarming with T. equiperdum, 5 days after the 
parasite was injected (Table 4). T. Iczdsi from the rat and T. duttoni 


Table 4. — Course of infection zoith T. equiperdum in the cation rat. and in the 

albino rat 


Host 

Parasite counts, <m designated days after infection 

1 ■ ■2' ■ ti ■ . ' .4' 5 ■■ ■ 

(Vitton rat 

Albino rat 

+ . 24- 4+ ■ , Dead ■ 

+ ■++ , 24- 4+'. Dead . :■ 


Key to parasite counts : 

+ = less than 1 parasite per microscope field (x 430) ; 

2+=s from 1 to 5 parasites per field ; 

.3+ ~ from 5 to 25 parasites per field ; 

4+ - over 50 parasites per field. 

from mice failed to infect the cotton rat, no parasites being found at any 
time after inoculation, although the appropriate control animals gi\'en 
these parasites promptly became infected. 
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DISCUSSION 

The cotton rat trypanosome appears to be another species of the lewisl 
group of trypanosomes. It differs from others of the lewisi group in sev- 
eral rather significant respects, but resembles the type species immuno- 
logicall}". Perhaps the most significant point of similarity is that recov- 
ery from a mild infection with the cotton rat trypanosome will completely 
pi'otect a young albino rat against T. lewisi. Only nursling albino rats 
have proved susceptible to infection with the cotton rat trypanosome; it 
seems possible that nursling cotton rats (which were not available for the 
research) might likewise have contracted demonstrable infections with 
T. lezvisi. 

There is some interest among investigators at present as to w^hether 
the cotton rat is immunologically more like the albino rat or the guinea 
pig. It has been found to be more like the guinea pig in its susceptibility 
to diphtheria toxin (2) , and tuberculosis (3), but like the rat in its re- 
fractoriness to anaphylactic shock (4). The high susceptibility and early 
death of the cotton rat from the pathogenic trypanosome T. eqtiiperdum 
ranges this host with the rat rather than with the guinea pig with respect 
to its capacity for resistance against this trypanosome infection. 

SUMMARY 

A trypanosome found naturally in the peripheral blood of the Florida 
cotton rat, Sigmodon hispid lis litf oralis, is described. The name Try- 
panosoma sigmodom is suggested for the parasite. The organism has 
been found in the blood of 18 (20%) of 90 Florida cotton rats examined. 
Infections can be readily induced artificially in normal cotton rats by 
inoculating them with the blood from an infected animal. Following a 
prepatent period of 6 to 10 days after the injection of infective material, 
the parasites are found in the peripheral blood for about one month. In- 
fections generally do not rise above an intensity of 25,000 organisms per 
cubic millimeter of blood, and none of the animals studied has died of its 
infection. Nursling albino rats are susceptible to very mild infections 
with the cotton rat trypanosome. 

On recovery from infection with this trypanosome, the cotton rat is 
immune to reinfection, and its serum inoculated to a normal cotton rat 
protects the normal animal from infection. The trypanosome appears to 
be somewhat closely related immunologically with T. lewisi, since young 
albino rats which have recovered from an experimentally induced infec- 
tion with the cotton rat trypanosome are protected against T. lewisi. 
Likewise, a cotton rat previously inoculated with T. lewisi acquires a 
partial immunity against the cotton rat trypanosome. 

The cotton rat is highly susceptible to T. eqniperdnm, succumbing to 
infection with this species in about 5 days. The cotton rat resists infec- 
tion with T. lezvisi and T. duttoni. 
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THE PENETRx\TION OF RADIOACTIVE PHOSPHORUS 
INTO ENCYSTED TRICHINELLA LARVAE 


C). R. McCoy^ Vincent F. Downing and Stanley N. Van Voorhis 

Laboratory of Parasitology, Department of Bacteriology, the Department of Radi- 
ology, School of Medicine and Dentistry, and the Department of Physics, 
University of Rochester, Rochester, New York^ 

It is well-known that Trichinella spiralis larvae can live for an ex- 
traordinarily long time encysted in the muscles of a host. There are 
many reports in the literature describing larvae which have been found 
alive in human muscle, for from 5 to 30 years after the disease was 
thought to have been contracted (1, 2, 3, etc). In the authors’ experi- 
ence, numerous living larvae were found in a muscle removed at biopsy 
from a man who had had a very severe attack of trichiniasis seven and 
one-half years previously. This man had had the cause of his illness ex- 
plained to him and had been so afraid of contracting the disease a second 
time that he claimed that he had not eaten meat of any kind since. It 
seems probable, therefore, that the lan^ae found in this case must have 
been present since the original illnCvSS. 

The generally accepted view, as expressed many years ago by Staubli 
(4), is that, after encystment, Trichinella larvae enter a latent stage in 
which they are walled-off from the tissues of the host. It is true that the 
larvae do not grow or develop while encysted, but it is well-known that 
they are capable of movement within their cysts. Stanhard, McCoy and 
Latchford (5) showed that larvae digested free from their cysts exhibit 
both an aerobic and an anaerobic metabolism when kept in Tyrode’s 
solution at 37*^ C, It is not known whether encysted Trichinella larvae 
live on food materials stored within their own bodies, or whether they 
absorb nourishment tlirough the cyst wall from the host. In view of the 
long periods of time during which they remain viable in the encysted 
stage, the latter seems the more probable. The present preliminary ex- 
periments are designed as a test of the permeability of the cyst wall. 

Within the past few years, the production of radioactive isotopes of 
such elements as sodium, potassium, phosphorus, iron, etc, has afforded 
the means for tracing the distribution of these substances in the bodies 
of experimental animals. This method of study, of course, is equally 
applicable to parasites which may be present in these animals. In the 
present experiments, tests were made of the ability of encysted Trichinella 

Received for publication. May 6, 1940, 

1 This investigation was suggested by Dr. George Packer Berry, Department of 
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larvae to absorb radioactive plaosphate ions. Phosphorus was selected 
as the test substance because a source of the radioactive element was 
readily available, and because the half-life of x‘adioactive phosphorus is 
relatively long (14.5 days), thus convenient for experiments lasting for 
several days or more. 

MATERIALS AND METHODS 

The tests were made upon laboratory-bred albino rats of Wistar stock 
which had been heavily infected with Tnchinella spiralis from 8 to 10 
months previously. After this period of time, the larvae were enclosed 
in thick-walled cysts of hyalinized connective tissue characteristic of 
long-standing mtiscle infection. (Fig. 1.) No calcification, however. 



Fig. 1. Encysted Trichinella spiralis larvae in the muscle ti.ssue of a rat killed 
8 months after infection (magnification x 100). 


was' observed. It was considered that cysts of this age and degree of 
development would offer a fair test of the permeability of Trichinella 
cysts in general. 

The rats were fed by stomach tube 1-cc amounts of a solution contain- 
ing radioactive phosphorus in the form of basic sodium phosphate. They 
were killed thereafter at intervals varying from 2 hours to 6 days. After 
removing 3-gm samples of muscle for analysis, the carcasses were di- 
gested for 3 hours at 37° C with a solution of 0.7 per cent pepsin and 0.5 
per cent hydrochloric acid. The larvae freed from their cysts were col- 
lected by sedimentation, washed free from debris, desiccated atid weighed. 

The amount of radioactive phosphorus pre>sent in the larvae was de- 
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tei-mined by the use of a Geiger-Muller counting apparatus according to 
the method described by Bale, Haven and LeFevre (6). The amount 
of radioactive phosphorus is calculated in terms of the percentage of the 
original dose fed to the rats which was determined per gram of plios- 
phorus present in the larvae. This figure is called the “specific radio- 
activity ’ of the larvae and enables a comparison to be made with the 
amount of radioactive phosphorus present in the muscles. To calculate 
this figure it was, of course, necessary to determine the amount of phos- 
phorus in each sample of larvae and of muscle.^ 

In the procedure followed for recovering the larvae from the infected 
muscle, it was possible that the larvae might take up radioactive phos- 
phorus after being digested free from their cysts. In order to test this 
possibility, the carcasses of uninfected rats which had been fed radio- 
active phosphorus were ground up and digested according to the same 
procedure used for the experimental animals. At the time digestion was 
begun, however, normal larvae, recovered from rats fed radioactive 
phosphorus, were added to the digestion fluid. When tested subse- 
quently, it was found that these larvae did not contain a measurable 
amount of radioactive phosphorus. Tw^o tests of this nature were per- 
formed in each of the three experiments. It seems reasonable to con- 
clude, therefore, that the radioactive phosphorus detected in the larvae 
must have been absorbed while diey were still within their cysts. 

EXPERIMENTAL 

Experiment 1, Eight female rats infected with Trichinella 10 months 
previously were used. They were killed in pairs at intervals of 1, 2, 4 
and 6 days after feeding radioactive phosphorus. The results are tabu- 
lated in Table 1. A significant amount of radioactive phosphorus vras 
detected in the larvae from rats killed after 24 hours, and the greatest 
relative amount was present in the larvae from those killed after 4 days. 

Experiment 2. Six male rats infected for 8 months were killed in 
pairs at intervals of 12, 24 and 48 hours after feeding radioactive phos- 
phorus. The results, which are also tabulated in Table 1, support those 
found in the first experiment. The larvae recovered from one of the rats 
(No. 9) killed after 12 hours showed an abnormally large amount of 
radioactive phosphorus in comparison with that found in the larvae re- 
covered from the other animals. This figure, therefore, is omitted from 
the averages. The larvae from the other rat killed after 12 hours con- 
tained almost as much radioactive phosphorus as the average amount 
found in the larvae from the two rats killed after 24 hours. 

Experiment 3. Ten male rats infected 8 months previously w’ere 
killed in pairs at inteiwals of 2, 4, 8, 12 and 24 hours after feeding radio- 

^ The writers are indebted to Dr. Richard S. Manly and Miss Sylvia Levy, 
Department of Biochemistry, for performing these analyses. 
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Table 1 . — Amount of radioactive phosphorus present in Trichinella larvae and flu 
muscles from rats killed at intervals after feeding radioactive phosphorus 


reco^wed 
(iumla) 

Experiment 1, — Female rats infected for 10 months 


Specific Wet weight 
radio-ac- of muscle 
tivity of sample 

larvae’^' (ingni.) 


Interval 
between 
feeding P 
and <leath 


Experiment 2. — Male rats infected for S months 


Experiment 3 . — Male rats infected for S month 


22 32 ** 251 0.70 5.45 : 2.725 0.23 I 3.83 

23 24 “ 120 0.45 4.90 i 3.045 0.20 ; 8.70 

24 24 “ 239 0.34 19.20 ; 2.423 j 0.21 11.00 

* ‘‘Specitic radioactivity’* is the amount of radioactive pliosi>horus j>r<*s«*nt per gram 
of phosphorus expressed as the percentage of the original dose hMi. 
t This figure not included in averages. 
t Sample lost. 

active phosphorus. The results are also shown in Table 1 . Tiie amount 
of radioactive phosphorus found in the larvae recovered from the rats 
killed after 2 hours was about the minimum that could be detected by the 
method employed. Increasing amounts were found in the larvae from 
the rats killed after from 4 to 24 hours. 


DISCUSS roK 

The “specific radioactivity” of the larvae recovered from pairs of rats 
killed at the same time showed considerable variation in all three experi- 
ments. Experimental error in desiccating and weighing the larvae, in 
analyzing their phosphorus content and in making the counts probable- 
accounts for some of this variation. In addition, there appears to be an 
inherent variability in the different lots of rats that were used. For in- 
stance, the “sjiecific radioactivity” of the muscles of the rats in Exper. 1 
evas much less than that measured in the other two experiments. The fact 
that these rats were of a different sex and were two months older than 
the rats in the other experiments may account for this difference. It 
should be mentioned, also, that the three experiments were performed at 
different seasons of the year. 
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The figures for the ‘‘specific radioactivity” of the larvae and of the 
muscles from rats killed at the same intervals after feeding radioactive 
phosphorus were averaged for the three experiments and plotted (Fig. 
2). The individual points represent the average results in from 2 to 6 

SPECIFIC 

RADIOACTIVITY 


(% OF FED DOSE 
PER GRAM OF P) 



(POINTS ARE AVERAGES OF RESULTS IN FROM 2 TO 6 ANIMALS) 

Fig. 2. The relative amount of radioactive phosphorus found in Trichinella 
larvae and muscles from rats killed at intervals of from 2 hours to 6 days after feed- 
ing. The individual points are the averages of the results in from 2 to 6 animals. 
The curves are drawn free-hand and fitted by inspection. 

animals. The curves were drawn free-hand and fitted by inspection. 
Caution must be used in interpreting these curves because of the variabil- 
ity of the material on which they are based. It appears, however, that the 
rate of absorption and retention of radioactive phosphorus followed a 
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course different from that for the muscles. The radioactive phosphorus 
was taken up more rapidly by the muscles and was also lost more rapidly. 

The data available in the present experiments are not sufficient to 
indicate whether the absorption of radioactive phosphorus by the larvae 
represents an actual metabolic exchange or merely a diffusion of phosphate 
ions into the larvae. The rapidity of absorption by the encysted larvae, 
however, might indicate that they are undergoing active metabolism. In 
any event, it is established that the fully developed cyst wall surrounding 
Trichinella larvae in muscle tissue is permeable to phosphate ions. 

SUMMARY 

In three experiments, 28 rats, heavily infected from 8 to 10 montlis 
previously with Trichinella spiralis, were fed radioactive phosphorus (as 
basic sodium phosphate) and killed at intervals beginning 2 hours later. 
Radioactive phosphorus was detected in the larvae as early as 2 hours 
after feeding and the amount increased rapidly during the first 24 hours. 
The maximal content was reached on the fourth day, after which there 
was a gradual decline. The absorption and loss of radioactive phosphorus 
by the larvae follow a course different from that for the hosts’ muscles. 
The experiments demonstrate that a ready exchange of phosphate ions 
may take place through the cyst wall surrounding TridtinellaAdLVYZt in 
the muscles of rats, and imply that the larvae may be undergoing active 
metabolism during the encysted stage. 
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AMPHIBIAN NEMATODES FROM THE GASPfi PENINSULA 

AND VICINITY 

A. C. Walton 

Knox College, Galesburg, Illinois* 

Through the courtesy of Dr. J. S. Rankin, Jr., of Amherst College, a 
number of nematodes from amphibian hosts, collected during a trip to the 
Gaspe Peninsula in June, 1938, were sent to the writer for identification. 
A number of new locality records for several known species of nematodes 
are hereby added to the literature, as well as the description of a new 
species of the genus Spironoiira Leidy, 1856. 

Rana pipiens (S specimens from Matapedia, Gaspe Peninsula) is a 
host for Cosmocercoides ditkae (Holl, 1928) Wilkie, 1930. 

Rana clamitans (8 specimens from near Matapedia, Gaspe Penin- 
sula) is a host for Foley ella ranae Walton, 1929, and for an Oxysomatium 
species. ^ Only immature females of the latter w-ere present, so no species 
designation is attempted. 

Rana clamitans (6 specimens from Madelene, Gaspe Peninsula) is a 
host for Cosmocercoides dukae (Holl, 1928) Wilkie, 1930. 

Rana clamitans (2 specimens from Chatham, New Brunswick) is a 
host iot Foley ella americana WBltorif 1929, 

Rana clamitans {2 specimens from Machias, Maine) is a host for 
Foleyella ranae Walton, 1929, Oswaldocruzia leidyi Travassos, 1917, and 
Spironoiira rankini n. sp. 

Rana palustris (I specimen from Machias, Maine) is a host for 
Oszmldocrima leidyi Travassos, 1917. 

Bujo americamis (1 specimen from Machias, Maine) is a host for 
Osmmldocrima pipiens W 

Spironotira rankmi n. sp. 

(Fig. 1) 

Description: Based on male material only. With the characters of the genus: 
head with three Well-developed lips bearing two outer and two inner papillae; oral 
cavity supported by a cuticular ring; pharynx muscular; esophagus with terminal 
bulb and a pre-bulbar swelling; lateral fields wide; lateral and caudal alae absent; 
pre-cloacai musculature well developed; spicules sickle-shaped and alate; accessory 
piece present. Length, 20.25 mm; greatest width, 0.375 mm; length of pharynx, 
0.112 mm; length of esophagus, 1.45 mm; pre-bulbar swelling, 0.225 mm in length 
and 0.075 mm in width ; bulb spherical, 0.185 mm in diameter ; head-nerve ring distance, 
0.66 mm; head-excretory pore distance, 1.5 mm; cloaca-tail distance, 0.375 mm; 
spicule length, 1.65 mm, laterally compressed and with narrow unilateraL alae ; 
accessory piece length, 0.112 mm; 3 pairs of pre-cloacal papillae, 4 pairs of para- 
cloacal papillae, and 3 pairs of post-cloacal papillae, in addition to the unpaired 
median papillus on the anterior margin of the cloaca. 

(collected June 22, 1938, at Machias, Maine). 

Type specimens: Co-types deposited in U. S. Nat. Mus. Helm. Coll. 

Received for publication, May 8, 1940. 

* Contribution from the Biological Laboratories of Knox College, No. 67. 
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Fig. 1. SpiroHoum rankini a. Head end of male. 


b. Esophageal bulb from male. 

c. Lateral view of tail of male. 

The present species, while much larger than the other species reported 
from North American amphibia, most nearly rCvSembles Spirononra elan- 
gafa (Baird, 1858) Walton, 1932, from Ambystoma tigrimmi, and S. pre- 
fiosa Ingles, 1936, from prefioscL but differs in the relative pro[)or-- 
tions of the structures at the anterior end, in the sizes of the spicules and 
accessoiy piece, and in the number and arrangement of the caudal papil- 
lae. 5*. rankini is more than twice the length of any of the species except 
5. elongato and 5‘. pretiosa, and is a third longer than adult males of these 
two species. The specific name is in honor of the collector of this material. 
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TWO NEW MESOZOA FROM CALIFORNIA, DICYEMENNEA 
CALIFORNICA AYU) DICYEMENNEA BREVICEPHALA 
(DICYEMIDAE)* 

Bayard McConnaughey 
Department of Zoology, University of California 

Our knowledge of the Dicyemidae (Mesozoa) is almost entireh' 
embodied in several excellent works on the European species. Those of 
the Pacific Ocean have been neglected and are unknown except for the 
work of Dr. Wm. Morton Wheeler (1897), who named three species 
found at San Diego, California, but did not describe or figure them, and 
that of Nouvel and Nakao (1938) who described a few species of 
Dicyema from Japan. During the summers of 1937 and 1939 and in 
December of 1938 I examined the kidneys of several octopi from the lit- 
toral zone in the Laguna Beach area and of one from the San Francisco 
Bay area. All the octopi examined except those a centimeter or less in 
length, were richly infected. The two most abundant species are herein 
described. 

Dicyemennea calijornica, n. sp, 

(Figs. 1, 2, 3, 6, 8) 

Specific diagnosis: Body attenuate, vermiform individuals mostly 1.7 to 3.0 mm 
long. Calotte enneanierous (4 propolar cells, 5 metapolar cells), conical, forming 
about a third to over half the cephalic swelling in the adult. Parapolar cells shield 
shaped forming from about half to two thirds of the cephalic swelling. Total number 
of peripheral cells 36 or less (primary rhombogenes with 31). Uropolar cells usu- 
ally swollen and vacuolated distally. Cilia nearly uniform, slightly denser on the 
calotte than over the trunk. Infusoriform individuals 38 to 45 micra in length, 
rounded posteriorly. 

Nematogenes usually 25 to 50 micra wide, broadest at the level of the parapolar 
cells. Peripheral cells 36 in number. Calotte conical, orthotropal, made up of four 
propolar cells (two dorsal and two ventral), and five metapolar cells (one dorsal, 
two dorso-lateral, two subventral). Parapolar cells shield shaped, lateral, their 
broad anterior ends encircling the axial cell just behind the calotte. 

Transitional stages from nematogene to rhombogene with greatly increased 
number of agametes in the axial cell, which is broader than in the nematogene, and 
often contains simultaneously more or less advanced vermiform larvae and one or 
more young infusorigenes. Vermiform larvae in such cases mostly with the reduced 
number of cells (31). 

Rhombogenes noticeably broader and more robust in appearance than the nema- 
togenes. Primary rhombogenes with 31 instead of 36 peripheral cells, the nuclei of 
the trunk cells often enlarged and sometimes constricted in two giving rise to ac- 
cessory nuclei in some of the peripheral cells. Accessory nuclei also frequently occur 
in the axial cell in this stage. 

Received for publication, May 14, 1940. 
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Infusoriform individuals 38 to 45 micra in length when developed, rounded 
posteriorly. 

Host: Octopus hmiaculatus Verrill. 

Distribution: Southern California coast, taken in the littoral zone at Laguna 
Beach, Emerald Bay and Balboa Bay, Orange Co., Calif. 

Type specimens: U. S. Nat. Mus. No. 22682, paratype No. 22683, other para- 
types in Univ. Calif. Coll, and of author. 


Dicyemennea brevicephala, n. sp. 

(Figs. 4, 5, 7, 9, 10) 

Specific diagnosis: (There has been less material of this species available to me 
than of D. calif ornica, all of it being from one octopus taken at Marine View Rocks, 
San Mateo Co., Calif., early in June 1939. Practically all the dicyemids were mature 
rhombogenes.) 

Medium sized to small dicyemids, mostly 1 to 2 mm long. Total number of 
peripheral cells 27, this probably the number for primary rhombogenes. Calotte 
enneamerous, short, wide, appearing in many cases as a flattened disc at the truncate 
ends of the elongated parapolar cells. Metapolar cells usiiallj’^ from two to five times 
as large as the propolar cells, short, frequently wider than long. The cilia of the 
calotte shorter and more closely set than those of the trunk cells. Parapolar cells 
usually very elongate, forming most of the cephalic swelling, generally 100 to 150 
micra in length. Uropolar cells not often swollen and vacuolated as in D. calif arnica, 
quite similar in appearance to the other trunk cells. Older rhombogenes frequently 
much swollen anteriorly, the cells of the calotte becoming enlarged and displaced 
obscuring their typical arrangement, anterior end of axial cell also swollen in these 
cases. Infusoriform individuals 28 to 35 micra in length when fully developed, 
rounded posteriorly. 

Host: Octopus apollyon (Berry). 

Distribution: Known only from Marine View Rocks, San !Mateo Co., Calif. 

Type specimens: U. S. Nat. Mus. No. 22680, paratypes No. 22681. other para- 
types in the Univ. Calif. Coll, and of author. 

The two species here described differ in several res|.)ects froui other 
known Dicyemennea, D, lamecrci Noiivel, D, eledones Wag. and D. 
gracile Wag. each possess only 23 peripheral cells. D. eledones and D, 
gracile are both larger species, ranging from 4 to 7 nim in length, and 
their parapolar cells do not contribute much to the cephalic enlargement. 
D, hmieerei tends to be smaller and more massive, ranging fn)m 1 to 1.5 
mm in length, and is further distinguished by the constant presence of 
fine crescentic pointed crystalloid needles in the cytoplasm of the periph- 
eral cells and by the fact that the infusoriform is pointed posteriorly and 
has only one nucleus and one germ cell in each of the cells of the urn. 
The host of D. lamecrei is Octopus vulgaris Lam., those of D. eledones, 
Eledone moschata Leach and E, aldrovandi D. Ch., and that of D, gracile, 
Sepia officinalis L. 

Dicyemennea nmlleri Clap, w^as described by Ciaperede from speci- 
mens taken from Eledone cirrosa JA’. along the coast of Norwa}”. As 
neither the total number of peripheral cells nor the number of cells in the 
calotte was determined its status remains in doubt, D, zvliiimanii 
Wheeler is a nomen nudum, no description or figures of it having* been 
published. 
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Transitional stages between the nematogene and rliombogene phases 
of Z). calif ornica were found. These show a great multiplication of the 
agametes. Several individuals contained advanced embryos of the vermi- 
form stages and one or more young infusorigenes and in some cases even 
very young, infusoriform embryos in the axial cell simultaneously. The 
young infusorigenes already have the small scattered chromatic bodies 
always found associated with the infusorigenes of dicyemids. These 
have been interpreted as sperm by Wheeler (1897), Hartmann (1906), 
Lameere (1918) and Nouvel (1933), and as irregularly scattered chro- 
mosomes resulting from abnormal divisions of the cells of degenerating 
pycnotic infusorigenes near the end of the rhombogene phase by Gersch 
(1938). In my material they are found associated both with the very 
young infusorigenes in transforming individuals before any infusoriforms 
have been formed and with the older infusorigenes. The cells of the 
younger infusorigenes do not show evidence of pycnosis, and the chro- 
matic bodies are larger than the individual chromosomes seen in the cells 
and are quite constant in shape. I have as yet, however, not been able to 
determine definitely their exact mode of origin and am not fully satisfied 
that they are sperm. 

Nouvel (1938) called attention to a very cui'ious point in the embry- 
ology of the vermiform indhidu^ils in Dicyemennea h^^^^ and D, 
eledones, in which the first germ cell of the developing larva upon divi- 
sion gives rise to two cells, one of which becomes the mother cell of all 
the future germ cells or axoblasts and the other of which takes a position 
at the anterior end of the axial cell, then invades the dorsal metapolar 
cell of the embryo where it remains, finally degenerating and disappear- 
ing completely after the larva escapes from its parent. 

This phenomenon is very clearly shown in my material in both species 
and in both the nematogene larvae and those destined to become primary 
rhombogenes. It is probably general in Dicyemennea hut has not been 
noted in any species of the related genus Dicyema the embryology of 
which has been carefully investigated by several authors. 

SUMMARY- .. ■ ' 

Two species of Dicyemennea from the kidneys of octopi of the littoral 
zone of the California coast are described. They difiEer from other 
known Dicyemennea in cell number, size, composition of the cephalic 
swelling and other details. 

Some evidence against Gersch^s theory of the origin of the sperm-like 
chromatic bodies associated with the infusorigene is presented. 

The phenomenon described by Nouvel wherein one of the cells result- 
ing from the first division of the primary germ cell in the vermiform 
embryo invades the dorsal metapolar cell and degenerates there has been 
confirmed. It is probably general in Dicyemennea. 
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Expr.ANATiox OF Plates 
All figures drawn with the aid of camera lucida 
Plate I 

Fr:. 1. Calotte of DicycwenHca calif ornica, late nematogene. (Bouin — Jansens 
haematoxylin. ) 

Fig. 2. Primary rhombogene Iar\^a in axial cell of an individual transitional 
between the nematogene and rhombogene phases, showing the reduced number of 
peripheral cells (31 and the degenerating germ cell in the dorsal metapolar cell just 
anterior to the end of the axial cell. (Bouin — Ehrlich's haematoxylin.) 

Fig. 3. Nematogene larva in the axial cell of a primary nematogene, showing 
the 36 peripheral cells and the degenerating anterior germ cell. (Bouin — Ehrlich’s 
haemato-xylin.) 

Fig. 4. Calotte of Dkycinennca hrevicephala, mature rhombogene. (Bouin— 
borax carmine, indulin.) 

Fig. S. \^ermiform larva of D. breincephala (probably a primary rhombogene) 
showing 27 peripheral cells and the degenerating anterior germ cell. (Bouin — borax 
carmine, indulin.) 
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Plate II 

Fig. 6. Infusoriform of D. calif ornica p^rdsagitidil and frontal optical sections. 
(Bouin— 'Ehrlich’s haematoxylin.) 

Fig. 7, Infusoriform of D. brevicephala, same Tiews. I think there should be 
cilia in the cavity of the larn here too but was unable to see them clearly in this case, 
(Bonin-— Jansens haematoxylin.) 

Fig. 8. Ytvy young vermiform of D, califormca, about 22 cell stage, in optical 
section, showing the axial cell and the two cells resulting from the first division of 
the primary germ cell, one, posterior and larger, the mother cell of all the future axo- 
blasts ; the other, anterior and smaller, destined to invade the dorsal metapolar cell 
and degenerate there. (Bouin — B^lhrlich’s haematoxylin.) 

Figs. 9 and 10. Portions of infusorigenes and division of the **egg” cells in D. 
hrevicephala, showing conditions cited by several authors as evidence of sperm iKjne- 
tration and polar body formation. In Fig. 10 there is also shown an “*egg” cell with 
two nuclei which are regarded by most authors as the male and female pronuclei 
before the first cleavage but by Gersch (1938) as merely two nuclei resulting from 
failure of the cytoplasm to divide following nuclear division. These stages are rela- 
tively infrequent in my preparations but where they occur they are almost always in 
the same order passing from the infusorigene outwards. (Bouin — Jansens haenia- 
toxylin.) 






THE INCIDENCE OF INTESTINAL PARASITES IN A 
SELECTED GROUP AT A MENTAL HOSPITAL^ 

Martin D. Young and Coyt Ham 
U. S. Public Health Service and the South Carolina State Hospital 

This report is of a survey conducted to determine the incidence of 
parasites in a selected group of patients. The cases examined were all 
white women of varying ages but about the same mental level, untidy in 
their habits, and confined in a separate building with semiprivate recrea- 
tion grounds. 

Strict hygienic measures have been employed during the residence of 
the patients. The building is kept in good repair, paying particular at- 
tention to the sealing of all small openings where filth and contamination 
might collect. The floors are of glazed, tile. The recreation grounds 
coiivsist of two separate yards ; these are limed, worked over and resodded 
with new grass and each yard is unoccupied for alternate six months in- 
tervals. Even with such measures, the problem of parasitism is still 
acute. 

m aterials and methods 

Examinations were made of freshly obtained fecal specimens which 
were collected in one-half pint cardboard containers. Two specimens 
were examined from all patients, but some, especially those found to be 
infected with Balantidiiim ro/f, were repeatedly examined. Simple saline 
and saline-iodine smear preparations were used. No technique for con- 
centration of parasites was employed. It is recognized that concentration 
techniques will reveal infections not found by the simple smear method 
and therefore the incidence should be considered as a minimum for the 
group. Undoubtedly many low grade infections were not detected. 

Following the stool examinations, the patients were given anthel- 
minthics. It should be borne in mind that these patients have been 
treated in the past at regular intervals. At the time of each periodic 
medication numerous parasites were eliminated. 

OBSERVATIONS 

One hundred forty-two patients were examined and parasites were 
found ill 128 or 90 per cent. One hundred seventeen (82 per cent) har- 
bored helminths and 92 (65 per cent) w^ere infected with protozoa. 

The number of species of parasites harbored by the patients were as 
follows: 14 patients had no species of parasites; 11 had one; 22 had 2; 

Received for publication, May 14, 1940. 
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35 had 3 ; 29 had 4; 15 had 5 ; 10 had 6 ; 5 had 7 ; and one had 8 species. 
This gives a total of 454 specific infections in the 142 patients or an 
average of 3.2 species per person. 

Table 1 shows the distribution of parasites by species and grouped 
according to the length of residence of the patients in the hospital. 


Table 1. — Distribution of parasites according to the length of residence of the 
patients in the hospital 
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Trichurls trichiura showed the highest rate of infection, an incidence 
of 78 per cent. This incidence is similar to that of Caldwell, Caldwell 
and Davis (1930) who found between 80 and 90 per cent infection with 
tricliurids in the ‘‘untidy'’ patients at the Alabama State Hospitals. As 
will be seen from the table the trichurid infections apparently increased 
with the duration of hospital residence. This conclusion is further borne 
out by comparing the incidence in this series with the results obtained by 
Leathers and Keller (1937) of 0.04 per cent for the state as a whole. 

Hookw'orm infection rate for the state of South Carolina during 
1934-1935 w-as found by Leathers, Keller and Wyman (1936) to be 
24.8 per cent. In our series, 66 per cent were infected. This rate and 
the gradual rise of the incidence during hospital residence indicates that 
the infection increased during hospitalization. 

The Ascaris Imnhricoides infection “was 10 per cent, which compares 
favorably with the findings of Leathers and Keller (loc. cit.) who found 
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an incidence of 4 per cent in the state with the rate varying from 0.02 to 
11.4 per cent. Apparently, little increase in this infection occurred with 
hospital residence. In the Alabama mental institutions, Caldwell, Cald- 
well and Davis (loc. dt.) found that ascariasis did not increase as rapidly 
as trichuriasis. i 

The Strongyloides stercoralis infections were diagnosed by finding 
typical rhabditiform larvae in the freshly passed stools. In addition, 

.some of the stools were cultured in bone charcoal; characteristic filari- 
form larvae and adults were recovered from these cultures, both by 
simple smears and by the use of the Baermann appai*atus. Dr. George 
L. Graham, of the Rockefeller Institute for Medical Research, confirmed 
the diagnosis of the rhabditiform larvae as 6’. stercoralis and for this 
courtesy we wish to express our appreciation. 

S. stercoralis infections were found in 56 of the 142 patients exam- 
ined, an incidence of 39 per cent. The authors have no information on 
the incidence of strongyloidiasis in South Carolina but, compared to re- 
ports from other localities, the 39 per cent infection found here appears 
to be high. 

No infections of Enterobius vermicularis were found. However, as 
has been shown by several investigators, stool examinations do not reveal i 

the true rate of incidence of this parasite. 

Balantidium coll is of particular interest among the protozoan infec- 
tions. This parasite was found in 7 cases of the 142 patients, an inci- 
dence of 5 per cent. These infections were reported in detail by Young 
(1939) and appear to be the firk cases reported from South Carolina. 

As this rarely is reported under normal conditions, it seems that the hos- 
pital rate of 5 per cent indicates an increase during residence. All cases 
occurred in patients of very poor mental state, those who require con- I 

stant supervision as to habits and general conduct. 

DISGUSSIOX 

A correlation of the parasitism to the type of psychoses did not reveal 
anything of significance, especially as the total numbers in the various 
groups were comparatively small. 

The patients examined were housed in one building because of their 
behavior and general mental state rather than for any specific mental 
classification, so that the common denominator of the group is that of 
untidy habits. A description of some of the habits of the patients was 
given by Young (loc. cit.) in discussing the Balantidium coli infections 
as follows : ''Because of their mental condition, all the infected patients 
tolerated untidiness, both personal and environmental. The clothing 
might become contaminated and often it was difficult to collect sufficient 
feces for an examination. This type of patient often puts rocks, leaves, 
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sticks, grasSy dirt and other debris into his mouth. Thus the factors for 
the transfer of the infections from one person to another were present.*^ 
The incidence of parasites in this selected group emphasizes, as has 
been pointed out by other observers, that when conditions of soil and 
climate are favorable, any break in personal hygiene completes the cycle 
of the transmission and leads to a wide dissemination of certain intestinal 
parasites, especially helminths. It is recognized that such a break in 
hygiene is found in certain mental patients and as a result, contamination 
becomes a problem to be constantly guarded against. Many localities in 
the South have a soil and climate favorable for the development and dis- 
semination of humati parasites. In such areas, mental hospitals with 
their complement of untidy patients, are faced with a task of prime impor- 
tance in preventive medicine. 


SUMMARY 

group of patients, who because of mental deterioration were in- 
clined to have untidy habits, were examined for intestinal pai'asites. 

Of 142 examined, 128 (90 per cent) were harboring parasites ; 117 
(82 per cent) had helminths and 92 (65 per cent) had protozoa. Of 
these, the most important infections were: S. sfercoralis, 39 per cent; 
hookworm, 66 per cent ; T. trichmray 78 per cent ; /I. himbricoides, 10 
per cent ; and .S. cn/f, 5 per cent. 

Hookworm, strongyloides, trichuris, and balantidium appeared to 
increase with residence at the hospital. These findings emphasize again 
the difficult task in preventive medicine for mental hospitals located in a 
climate and soil area favorable to the dissemination of intestinal para- 
sites. 
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NATURAL TRANSMISSION' OF IMMUNITY AGAINST 
TRYPANOSOMA LEWISI FROM VACCINATED 
MOTHER RATS TO THEIR YOUNG 




James T. Culbertson 

Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 

It has been shown by several studies previously reported from this 
laborator}^ that mother rats and mice, after recovery from trypanosome 
infections, transmit to their young specific protective substance. These 
substances are in all known respects similar to the antibody of the serum, 
and presumably are identical with it. They are- passed to the young 
largely or entirely through the milk of the mother, and only in small 
amount, if at all, through the placenta. This last fact is supported by 
observations that (1) the young of normal animals, if let nurse an im- 
mune mother for a day or so, promptly become resistant; and (2) the 
young of the immune mother, if transferred promptly after birth to a 
normal mother before ingesting the milk of the immune mother, manifest 
little or no immunity. The immunity acquired by nursing an immune 
mother is of comparatively brief duration, being lost by the young wholly 
or lai'gely within a few weeks after they are weaned (1-4). 

The present paper offers the results of a study designed to test whether 
mother animals immunized not by recovery from infection but by vac- 
cination with a formolized suspension of trypanosomes likewise transmit 
protective substances to the young in an amount sufficient to protect the 
young from the specific parasite. 

MATERIALS 

The strain oj trypanosome amd the preparation oj the trypanosome 
vaccine. — Trypanosoma lezvisi wd.s employed in this experiment, the 
strain being supplied by Dr. L. Reiner of the Burroughs Wellcome and 
Company, Tuckahoe, New York. The vaccine was prepared in the 
manner descril>ed by CullxTtson and Kessler (S) : rats 15 days old when 
infected with T. lezeisi were bled from the carotid when their infections 
were near tlie peak ; the citi’ated blood was slowly centrifugated to sepa- 
rate out its trypanosomes ; when freed of erythocytes, the trypanosomes 
^vere suspended in 0,5 per cent formolized physiological sodium chloride 
solution, and their numl^er determined by count with a hemocytometer. 
For injection, a suspension containing 4.3 million organisms per cubic 
centimeter of fluid was employed. The sterility of the vaccine was 
proved by inoculating young rats with it, with no infection ensuing. 

Received for publication, May 29, 1940. 
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The strain of rats,— The rats were of the Sherman strain, propa- 
gated in the Department of Animal Care of this institution. They were 
fed the same diet, previously described (5), throughout the experiment. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Two normal female rats. Nos, .13 and 21, both 61 days old at the 
beginning of the experiment, were given a series of 8 injections of T. 
lezvisi vaccine at 3-day intervals, 0.1 cc of vaccine being inoculated intra- 
peritoneally per IS grams of body ’weight. The two females were put in 
mating cages with male rats beginning 10 days after the start of vaccina- 
tion, and left for 10 days. Five days after the last injection of the vaccine, 
the vaccinated animals, which were then pregnant, were tested for im- 
munity by inoculating living T. lewisi One vaccinated rat proved to be 
completely resistant, no parasites whatsoever being seen in the tail blood 
during the next 12 days. The other vaccinated rat showed 2 parasites in 
SO microscope fields (x430) one day after the inoculation of the living 
forms, but was uniformly negative thereafter when examined daily till 
the twelfth day (see Table 1 for the results of these tests of immunity, 


Table 1. — Demonstrating the immunity against T. lewisi of specifically vaccinaicd 

mother rats 
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* Two trypanosomes seen in 50 fields of microscope (x 430) on first day only. 

Key to parasite counts : 

0 = no parasites in 50 microscope fields (x430). 

+ = less than 1 trypanosome per field. 

2+ = from 1 to 5 trypanosomes per field. 

3+==from 5 to 50 trypanosomes per field. 

= over 50 trypanosomes per field. 

along with control animals) . On the twelfth day after the immunity test, 
both females delivered litters. No. 13 producing 7 and No. 21 producing 
3 young. Three of the young of No. 13 were — before nursing their own 
mother — transposed with 4 young of normal mother No. 30, which had 
delivered 8 young on the same day. The 3 young of immune mother No. 
21 were permitted to nurse their own mother. Five days after their 
birth, all the young were inoculated with 70,000 living T, lezvisi. The 
observations upon the ensuing infections are presented in Table 2. 

The more significant results were obtained with the young of im- 
mune mother 13 and of normal mother 30. All of the own-young and 3 
of 4 foster-young nursing immune mother 13 remained consistently nega- 
tive during the 20 days of obsen-^ation after the living trypanosomes were 
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Table 2 . — Demonstrating the relative resistance against T. lewisi of young which 
nurse a vaccinated mother rat compared with that of young nursing a normal 

mother rat 


Parasite counts on designated days, after 
injecting live T, leicisi 


Nursed by 
mother no. 


(Immune) 


30 

(Normal) 


21 0 0 0 + 

( Immune) 0 0 0 0 


Young rats injected when 5 days old with 70,000 T. lewisi. 

Key to parasite counts : same as Table 1. 

injected. The remaining one foster-young, however, contracted a heavy 
infection. All of the young which nursed the normal mother, in contrast, 
contracted heavy infections regardless of whether or not their own 
mothers w'ere immune. Although there appeared some slight delay in 
the development of the infection in the 3 foster young nursing the normal 
mother, their infections finally became quite as severe as those of the own 
young of the normal mother, two of the foster young succumbing to 
their infections. 

All of the 3 young nursing immune mother No. 21 were found to be 
highly resistant. Two of these manifested the infection, although in each 
case on but a single day. The third nursling remained negative through- 
out the 20 davs of observation. 


DISCUSSION 

It is indicated from the results I'ecorded in this paper that mother 
rats immunized by vaccination with a formolized suspension of T. lezvisij 
transmit to their young the immunity acquired by the vaccination. It is 
shown that the protective substances responsible for this immunity reach 
the young largely after birth through the ingestion by the young of the 
milk of the immune mother, since young born of an immune mother but 
deprived of her milk by transposition at birth to a normal mother are 
readily susceptible to severe infections with the homologous parasite. 

One detail in the procedure requires further comment. It was pointed 
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out that five days aftei' the last immunizing injection, the female rats, 
which were pregnant at that time, were inoculated with living T. 'lewisi 
to test the production of immunity by vaccination. Although one animal 
remained completely uninfected, so far as careful tail blood examinations 
revealed, the other animal showed parasites (2 in 50 fields of the micro- 
scope at 430 diameters) for one day following. An objection might be 
raised, then, that the immunity transmitted to the young resulted from 
recovery by the mother from an infection with T. lezvisi rather than from 
her vaccination with the formolized suspension of this parasite. How- 
ever, in the opinion of the author, no infection involving the presence of 
multiplying trypanosomes occurred, the forms found representing merely 
part of the inoculum of living forms given the preceding day and still in 
the circulation. Furthermore, it has been shown by Coventry (6) that 
antibody against T. lezvisi does not make its appearance in an animal 
until a significantly heavy infection has been in progress for several days. 
Parasites were not seen in this work after the first day in the one mother 
animal which showed them at all. It is concluded, therefore, that the im- 
munity transmitted by these mother rats was developed in them by vac- 
cination and not by recovery from infection. 

The character of the antibody transmitted from the mothers to the 
young probably depends on the character of the antibody in the 1.)lood of 
the mother at parturition and during the nursing ])eriod. Taliaferro (7) 
has shown that rats which have recovered from infection with 7\ lezvisi 
produce two distinct serum antibodies — the one manifesting a trypano- 
cidal action and the other a capacity for inhibiting the reproduction of 
trypanosomes. He has also demonstrated that the reproduction-inhibit- 
ing antibody is developed principally although possibly not exclusivel}’ 
by rats through vaccinatiou. Some small amount of evidence is fc^rtli- 
coming from the present work to indicate that the antibody transmitted 
to the nurslings from the vaccinated mother rats inhibited the reproduc- 
tion of the trypanosomes in the nurslings. Of the three young nursing 
Mother Rat No. 21, for example, two revealed trypanosomes in the 
blood, one of these (young rat No, 21) as many as six days after the 
inoculation of living forms. Evidently, the tr}'panosomes, although 
present during this six-day period in this animal were not destro}'e<i In' 
the substances obtained through nursing the immune mother, but were 
merely prevented from increasing in number. Whether the trypanocidal 
antibody also was transmitted to some of the other nurslings and was 
responsible for the complete absence of trypanosomes from their blood 
was not determined. 

SUMMARY 

Mother rats immunized against Trypanosoma lezvisi by vaccination 
with a formolized suspension of this organism transmit their immunity to 
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their young. The young become immune lai'gely by ingesting the milk 
of the immune mother. Such immunity as the young may acquire through 
the placental circulation is largely lost within a few days after birth. 
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THE FUNCTION OF RESPIRATORY PIGMENTS OF 
CERTAIN TURTLE PARASITES’^r 



G. W. Wharton 

Duke University, Durham, North Carolina 

Von Brand ( 1938) discusses in some detail most of the previous work 
in the field of the respiration of parasitic worms, in an attempt to answer 
the question whether helminths in the intestines of vertebrates lead an 
aerobic or anaerobic life. Because of the low oxygen tensions observed 
in the vertebrate alimentary canal (Tappeiner 1883, Long and Feiiger 
1917, von Brand and Weise 1932), the worms were considered to have 
anaerobic metabolism. Anaerobic x'espiration is known to occur in all of 
the parasitic worms which have been tested (Wardle 1937a, von Brand 
1937b, Stannard, McCoy and Latchford 1938, and many earlier works). 
Likewise aerobic respiration has been shown to exist. Von Brand 
(1938) concludes that, ''large helminths, like Ascaris or Moniezia, gain 
their energy predominantly by fermentation [of glycogen]- during their 
life in the intestine, but that small parasites like sheep nematodes, may 
lead there a more aerobic life.’’ 

Several investigators (Davey 1938, Slater 1928) show that worms in 
vitro live longer under aerobic than anaerobic conditions. Hoeppli, 
Feng, and Chu (1938) give a complete reference list of studies of this 
type. Von Brand (1937b) has shown that Ascaris the ability of re- 
synthesizing glycogen from the breakdown products of anaerobic metab- 
olism when plenty of oxygen is available. 

Both hemoglobin and cytochrome have been discovered in nematodes 
(Keilin 1925), but only cytochrome has been found in cestodes (Fried- 
heim and Baer 1933). Hemoglobin was found to be concentrated in the 
hypodermis of Ascaris (Kruger 1936) where it allegedly aids the organ- 
ism b}’' removing oxygen from the surrounding medium through the 
cuticle. Trichina larvae were shown to have hemoglobin (Stannard, 
McCoy, and Latchford 1938) which probably aids somehow in their 
respiration. Von Brand (1937a) found hemoglobin in another larval 
nematode. 

Aducco (1889) carried out several experiments on the red pigment 
in the cuticle and body fluids of Dioctophynie renale (Goeze 1782). The 
pigment was found to be similar to vertebrate hemoglobin, but much 
more resistant to change by physical and chemical agents. The pigment 
from D. renale could not be completely reduced with a vacuum pump, but 
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MATERIALS AND METHODS 

Two treniatocles (Telorchis robusfiis, Ailassostonm magnum) and 
three nematodes (Camallanus trispinosus, Falcaustra affine, and Cruda 
testiidinis) were tested for hemoglobin. A suitable number of worms, 
equivalent to about 1 cc in volume, if that many were available, were 
removed from the host, washed from 1 hour to 48 hours in salt solution 
at 4° C, placed in a 13 cc centrifuge tube and frozen in brine. Then 0.5 
cc of phosphate bulFer (pH 6.8) and 0.5 cc of distilled water were added 
to the tube, and the contents repeatedly frozen and thawed, usually five 
or six times, until there was no color remaining in the worms. The solu- 
tions were centrifuged and the clear supernatant fluid was removed by a 
pipette to a test tube. If the worms contained hemoglobin, then this was 
the hemoglobin solution used in the experiments. The residue from some 
extractions of C. trispinosus and A, magnum were re-extracted with 1.5 
cc of weak ammonia solution containing a small amount of sodium hydro- 
sulfite. This was centrifuged and the supernatant fluid was tested for 
c\'tochrome. 

Spectroscopic examinations were conducted in three ways : ( 1 ) the 
solution was spectrographed and the plate analyzed Iw a photoelectric 
densitometer; an iron arc spectrum was photographed on the same plate 
for reference (Dr. L. G. Bonner assisted in this phase of the work) ; (2) 
the solutions were examined by eye with a comparometer spectroscope: 
(3) a Zeiss microspectroscopic eye piece was used with an ordinary com- 
pound microscope to detect hemoglobin in individual worms. 

An oxygen dissociation curve of a single sample of the hemoglobin 



Fig. 1. Spectrographs of hemoglobin from Telorchis robustus. 1. Reduced 
hemoglobin. 2. Partially reduced hemoglobin. 3. Oxy-hemoglobin. 

behave in this manner, hence it is assumed that hemoglobin lends the 
reddish color to these solutions. Falcamtra affine and Cru^^ia testiidims 
were not found to have hemoglobin. 

The second extracts from A, magnum and C, trispinosus showed 
when reduced a faint absorption band at 5,500 Angstrom units which 
was probably the strong band of cytochrome C. 


WHARTON— RESPIRATORY PIGMENTS OF PARASITES 

from C. trispinosus was determined with the aid of Dr. F. G. Hall 
his micro-method for dilute hemoglobin solutions (Hall 1934, 1935). 

The ability of C. trispinosus to reduce its own hemoglobin was deter- 
mined in two ways: (1) several worms were removed from a turtle, 
washed in salt solution, placed in a fine capillary tube which was 
with saline and closed with paraffin at both ends. The worm was ex- 
amined with a microspectroscope. Later the tube was broken, the 
worms removed and examined in the same manner in a small drop of 
saline which was exposed to the atmosphere; (2) a spectro-comparator 
such as described by Hall (1935) ws,s used in place of the ocular of a 
compound microscope. On the mechanical stage of the microscope was 
fastened a fine glass tube containing a worm for examination, which was 
connected with a reservoir of saline so that fluid could be passed through 
the tube at any desired speed : the spectral bands of the worm could 
be matched by absorption bands of oxi- and reduced-hemoglobin solutions 
of known proportions. 

RESULTS 


Reddish extractions were obtained from Telorchis robustus, Allas- 
sostoma magnum , and Camallanus trispinosus. When these solutions 
were examined spectroscopically, they were found to have two absorption 
bands, one at about 5,750 x^ngstrom units and the other at about 5,400. 
These bands disappeared when the solutions were reduced with sodium 
hydrosulfite, and were replaced by a single broad band in a region be- 
tween the two former bands (Figs. L and 2). Hemoglobin solutions 
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ANGSTROMS 

Fig. 2. The relative shape and position of the absorption bands of Tclorchis 
robiistus hemoglobin. Amount of light is given in arbitary units. The position of 
the bands is not accurate to more than 100 Angstrom units. 

The oxygen dissociation curve obtained for the hemoglobin of C. 
trispinosus is given in Fig. 3, along with the curve of the host hemo- 
globin as determined under similar conditions by Wilson (1938). The 
curve for the parasite pigment is far to the left of that of the host. 

When in anaerobic surroundings, the hemoglobin of C. trispinosus is 
in a reduced state, but when the worm is in contact with oxygen, the 
hemoglobin is in a partially oxidized condition, the extent of oxidation 
depending upon the partial pressure of the oxygen, 

T. rohustusj A, magnum, and C. trispinosus cling to the intestinal 
wall by their mouths, where they cause inflammation. When the.se worms 
are removed from their points of attachment, their former positions are 
at times indicated by small red ''pimples.’' F. affine and C, tcstudinis 
live free in the lumen of the gut. 

DISCUSSION 

That a parasite has hemoglobin not identical with that of its host is 
shown by the difference in the two oxygen dissociation curves (Fig. 3). 
Whether or not the raw materials for the manufacture of hemoglobin 
by the parasite are obtained by digesting host hemoglobin and absorbing 
the decomposition products, is not known, nor is it important in the con- 
sideration of the oxygen-obtaining mechanism. Telorchids usually live 
just posterior to the bile ducts, so perhaps they obtain their essential 
substances for synthesis from the bile. 

Turtle parasites that contain hemoglobin are all in close contact with 
the blood stream of the host. The dissociation curve of the host pigment 
is far to the right of that of at least one of the worms, which signifies that 



TURTLE 


HEMOGLOBIN 

(after WILSON 1938) 


* Fig. 3. Oxygen dissociation curves. Hemoglobin from Camallaniis trisphwsns 
and its host Pseudcmys troostii tested under similar conditions. 
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the hemoglobin of the parasite can take up oxygen at very low pressures 
or even from the venous or reduced blood of its host. The work of 
Aducco (1889) on the red pigment of D. renale showed that its affinity 
for oxygen was much gi'eater than that of vertebrate hemoglobin. In 
fact the properties of the red pigment of D. renale agree so closely with 
those of the worm hemoglobins discussed in this paper, that there is little 
doubt that the pigment described by Aducco is in reality hemoglobin. 
C. trispinosus can reduce its own hemoglobin, probably with the aid of 
cytochrome which acts as an oxygen transport mechanism between the 
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Hemoglobin and the oxidizable substrate (gl3’cogen ?, von Brand 1938). 
These facts show that it is possible for ox3^gen to be taken from the host 
blood by the hemoglobin of C. trispinosiis, and that this stolen oxygen 
can be used in the metabolic processes of the worm. That this occurs is 
supported by the fact that those worms which live free in the lumen have 
not been found to contain hemoglobin. It can not be said that this 
mechanism has actually been demonstrated for C, trispinosiis. It has 
been shown to be physically possible even probable, but until some means 
of observing the phenomenon in its entirety is devised, final judgment 
must be withheld, A mammalian embr3m has a similar mechanism for 
obtaining its ox3’'gen from its mother's blood (Evans 1936). 

CONCLUSIONS 

L Hemoglobin is present in Tel orchis robust ns, AUassostonia -mag- 
mmi and Camallanus frispinosus. 

2. Cytochrome is present in A, magnum and C. frispinosus » 

3 . Hemoglobin is probabh^ not present in Fakaus fra affine or Crusia 
testudinis. 

4 . Elost and parasite hemoglobin are not identical. 

5 . The respirator}" pigments of these parasites probably aid them in 
obtaining oxygen from the host blood. 
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INCIDENCE OF END AMOEBA HISTOLYTICA AND INTESTINAL 
NEMATODES IN A GEORGIA STATE INSTITUTION 

Through the kindness of Dr. John W. Oden, Superintendent • of the State Hos- 
pital at Milledgeville, Georgia, a parasite survey was made during 1938 on a number 
of patients at the institution. One ward of 72 white adult females was examined in 
June for intestinal parasites, and again in November when the ward contained 70 
patients. Mentally the patients examined fell into various classifications ; physically 
all were considered to be healthy adults and had been in residence at the institution 
from several months to maii}^ years. An additional ward of 88 white females was 
examined in October for pinworm infection only. No information concerning the 
mental or physical status or length of institutional residence of these patients was 
obtained. 

The parasite examinations were made as follows : For Endanweba histolytica 
and Strongyloides stercoralis ssLiine smear and iodine smear examinations from 3 
stools per patient; for worms except Strongyloides sterc oralis and Enter ohms ver- 
niicmlaris brine flotation examinations from 2 stools per patient ; for Enterobius ver- 
mh'ularis 3 anal swabs per patient. 

Concurrent with the parasite examinations Stoll egg counts on 3 stools per. 
patient w^ere made to determine the intensity of certain of the worm infections. These 
determinations were calculated from the data of Leathers and Keller (1935, New 
Orleans Med. and Surg. J. 87 : 425-435) and Keller and Leathers (1936, Am. J. Hyg. 
23 : 216-230). 

The results of the parasite examinations are summarized in the following table. 
No tapeworm infections were encountered. 


Table 1. — Record of positive diagnoses for intestinal parasites 


Date 

Patients 

examined 

Emla- 

moeha 

histo- 

lytica 

Ascaris 

lumhri- 

coides 

Necator 

ameri- 

canus 

■ 

Trichw'is 

tricMura 

Strongy- 

loides 

stereo- 

ralis 

Ente- 
rohins 
vermi- 
cular is 

' ' ■ ■ 1 

mss. 

-No. 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent i 

Percent 

June 

.'72 V'''' 

40 

14 

33 


G 

53 

Xovmnber . 

70 

44 

0 

30 


G 

69 

0<*tober • ' * j 

S8 


* 



! 

1 ■ ■■ 

27 


Xo data obtained on those parasites. 


The parasite findings given above have been analyzed as follows : 

Endamocha histolytica. The importance of the high incidence of this parasite 
appears to be minimized by the fact that there was no diarrhea or dysentery among 
the patients examined and for the most part all stools observed were normal, formed 
stools. In patients of the type examined only such objective symptoms as diarrhea 
or dysentery could be used as an index of the pathogenicity of the parasite and the 
complete absence of such syniptonis suggests that the organism was one of low 
virulence or that a resistance had been acquired due to long-continued exposure 
implicit in the insanitary habits of this type of patient. 

The analysis of the nematode findings was based on the egg counts made during 
the June examinations. A similar analysis made in November revealed no appre- 
ciable differences and the data are therefore, not cited. ^ ' 

Ascaris lumbricoides. The egg counts of the 10 positives for this parasite indi- 
cated that all infections were light, 

Necator americanus. In only one case did the egg counts for this parasite indi- 
cate a heavy infection. Two cases were considered moderate infections and the 
remainder light. 
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Trichnris frichiura. With this parasite 5 cases out of 47 were regarded as 
heavy or very heavy infections. Seventeen were considered moderate and the 
remainder light. 

No estimation of intensity of infection with Sfrongyloides sfercoralis was pos- 
sible. Nor could intensity of infection wth Enterobiits vermiciilaris be gauged since 
the number of ova on a swab is no index of the number of worms in the intestine. 

The foregoing analysis of the findings for both E. histolytica and for the helminth 
parasites indicate that the parasite burden of the patients was, on the whole, light 
although the incidence of parasitism was high. In an institution of this type a high 
incidence of intestinal parasites is not necessarily surprising in view of the fact that 
the communal domiciling of mentally deranged persons provides very favorable condi- 
tions for the spread of parasitic infections. — Lucy V. Reardon, Associate Proto- 
zoologist j National Institute of Health, U. S, Public Health Service,, Washington, 
D, C. 


INTESTINAL PROTOZOA IN 106 PARASITOLOGY STUDENTS 


In a survey of a class of 45 parasitology students at Dartmouth College, Connell 
and French (1959, J. Am. Med Assn. 113: 649-652) reported 3 with Enkimoebn 
histolytica and 10 with one or more species of amoeba. 

Similarly, as a regular feature of the work in the course in protozoan parasi- 
tology at the L^niversity of Pennsjdvania, each student is given a fecal examination 
for intestinal protozoa, in Table 1 are summarized tlie results of several years* 
elforts. One normally passed stool was obtained from each student and the speci- 
mens averaged 17.1 hours old at the time of examination. The diagnoses were 
made from saline, iodine and permanent preparations of each sample. 


Tarle 1. — Percentage of protoaoa in 106 students 


j;;: 

1 
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protozoa 

Negative 

for 

protozoa 
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frafpJis 1 

ttianlia 

lamhiki 

I^Uiltiple 

infec- 
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34 

1 1 

S 1 

8 ■ . 

1 13 i 

3 { 

n 1 

■8." 1 



The absence of such forms as lodamoeba. Trichomonas, etc is j)robably due to 
the relatively small number examined. Of these 106 studetits, 59 were resideiits of 
Philadelphia, while Pennsylvania, New Jersey and Delaware accounted for 94. 
Of the 8 harboring E. histolytica, 5 were Philadelphians.-— Robert M. Stabler, 
Department of Zoology, I diversity of Pennsylvama, 


THE OCCURRENCE OF LARVAE OF THE STABLE FLY, MUSCINJ 
STABULANS (ZETT.) IN LIVING NYMPHS OF THE GRASS-- 
UOPPEK, XyINTIHPPUS COR ALLIPES 
PANTHERINCS (SC.) 


During the course of some studies of the immature stages of certain grass- 
hoppers, two second-instar nymphs of Xanfhippus carallipes pantherinns (Se.j were 
observed in the held near Dallas, Texas, on November 9, 1939 to be unusually in- 
active and upon immediate dissection of these living specimens five larvae of 
Mitscma stabulans (Zett.) were obtained from each nymph. Five other nymphs 
collected at the same time were confined in screen-tight laboratory cages an<i upon 
dissection five days later, three were similarly infected. 

Collections made in the same locality on April 20, 1940 revealed that three 
of four fourth-instar nymphs and five of seven fifth-instar nymphs were infected. 
Likewise three days later similar collections showed two oi seven fourth-instar 
nymphs and six of eight fifth-instar nymphs to be infected. In all instances the 
infected individuals exhibited the same retarded activity. Collections at seven 
adults on May 12 and eight adults on May 21 failed to reveal any larvae. 
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Mr. D. G. Hall has kindly identified the species, from adults reared from the 
larvae, as Musc'ma stabiilans (Zett). 

When dissected out, the larvae are active and inclined to crawl several inches 
or feet, whereupon the older individuals pupate, although in the laboratory cages 
three actually penetrated weakened living nymphs of two other grasshoppers, En- 
coptoloplius sordidus costalis (Sc.) and Chortophaga .viridifasdata (DeGeer). 
The number of maggots in a nymph varied from one to eighteen, with a mean 
of eight 

In laboratory cages pupation occurred (90 specimens) from April 29 to May 
6. The pupae were usually embedded in the soil from one-half to one and one-half 
inches, although nine were found on the surface of the soil under dead vegetation. 
The adults emerged from ^lay 7 to May 12. 

Many reports of the rearing of this fly from various orders of insects have been 
recorded in the literature, although its actual status as a parasite is often disputed, 
since no records are to be found which record a complete parasitic part of the life 
cycle. The fact that the larvae can be found in living, moving nymphs, however, 
would seem to give additional support to the view that the fly is, under these 
conditions, actually parasitic, possibly entering the host as a larva, and may repre- 
sent a transitional stage in the evolution of parasitism. — Herbert Knutsox, Biology 
Dcparbucnt, Southern Methodist University, Dallas, Texas. 

TAMERLANEA BRAGAI, A PARASITE OF PIGEONS IN 
PUERTO RICO 

During October, 1938, one of us (J. jM.) recovered a trematode from a 
pigeon wjiich came from a farm at Adjuntas, central Puerto Rico. Nineteen of 
twenty birds in this locality harbored the parasite. Considerable difficulty was at 
first experienced in the identification of the fluke. An examination of the figure of 
Tamerlanca bragai Santos ( Reis and Nobrega, 1936, Doengas das Aves, Sao Paulo, 
Fig. 228, p. 313) convinced us we were dealing with this species, an opinion con- 
firmed by Dr. E. W. Price and 'Mr. A. McIntosh of the U. S. Bureau of Animal 
Industry. Specimens kindly forwarded by Professor Santos from Brazil were 
received in poor condition and could not be satisfactorily stained to permit 
comparison. 

The parasite was restricted to the kidney and urethra. The number of flukes 
recovered varied from two to twenty. Pigeons kept in cages for several months 
appeared unaffected by their infections. An inflamed urethra was noted in one 
pigeon at autopsy. According to Dr. Krakower of the School of Tropical Medi- 
cine : “The eflfects of the parasite upon the kidneys are chiefly mechanical, that is, 
by dilation of the pelvis and collecting tubules, without, however, interfering with 
the renal functioti. The dilation is sufficient to allow tliis. The muscular hyper- 
trophy of the walls is compensatory, probably to expel the parasite from the lumen. 
The slight excess of round cell infiltration indicates that the irritation set up by 
the parasite is minimal.'’ 

Though first found in the interior of the Island, the recovery of adult flukes 
from autopsied pigeons at Rio Piedras, and of the typical small brown ova from the 
excreta of the pigeons in several localities betw^een San Juan and Rio Piedras, 
suggest that the species is widely distributed in Puerto Rico. This marks the 
second time a trematode known from South America has been found in Puerto 
Rico without the interpolation of any known intermediate distributional records. 
The first instance was that of Plafynosoma condnnum, common locally in the livers 
of cats. 

The ova of T. bragai, when passed, contain fully developed miracidia which fail 
to hatch in water or charcoal cultures. This seems to indicate ingestion by the 
molluscan host. — Jose F. Maldonado, Insular Agricultural Experiment Station, 
Rio Piedras, P.R. and W. A. Hoffman, Department of Medical Zoology, School 
of Tropical Medicine, San Juan, P.R. 
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PARTIAL TWINNING IN A STYLET CERCARIA 

In the course of a study of development of the cercaria of AUoglossidmm corti 
an abnormal nearly mature cercaria was encountered in material obtained by dissec- 
tion of the sporocyst 

As shown in the figure (composite drawing from both living and stained speci- 


men), the posterior part of the cercaria is almost completely doubled. Both tails 
were actively moving and appeared normal, although the movement of the cercaria 
as a whole was rather sluggish when compared with normal cercariae of a similar 
stage of development. Caudal pockets (cp) are distinct around both tails. There 
is a partially developed second head region (h 2) near the acetabulum (a). The 
apparently normal head region has stylet, oral sucker, pharynx and ducts of penetra- 
tion glands; the penetration glands (pg 1) have indistinct boundaries: Intestinal 
caeca are not visible. Penetration glands (pg 2) and their ducts (gd 2) associated 
with the second head region (h 2) were observed. A second stylet was noted by 
one observer, but was not seen again in the living specimen, or after staining. Of 
the two excretory bladders one (eb 1), large and thick- walled, appears normal and 
receives two collecting tubes; the other (eb 2) is small, with indistinct wall and no 
visible collecting tubes. Several flame cells were visible but the dame cell pattern 
could not be determined. 
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It is entirely possible that such an abnormal cercaria would never emerge from 
the snail.' — Kathleen L. Hussey, Department of Zoology^ University of Michigan, 

MIRACIDIAL TWINNING IN SCHISTOSOMA MANSONI 

While making examinations of the excreta of a patient infected with Schisto- 
soma inansoni, an egg of normal size was found containing a pair of miracidia 
(See Fig.). The miracidia were fused anteriorly for about one third of their 


length and in each of them a normal set of four active flame cells was observed. 
The head was located in the middle portion of the egg, the posterior end of the 
miracidia situated at each extremity. The paired organisms were quite active. 

Miracidial twinning has been reported in excreta from a monkey (Hoffman and 
Janer, 1936, Proc. Helm. Soc. Wash. 3; 62). At the time it -was believed that the 
host may have in some way caused this abnormality- The present finding indicates 
the phenomenon may occur in man, as well. 

Penetration of the molluscan host by these miracidia, were they more abundant, 
might give rise to some interesting genetic conditions. — ^Jose L. Janer, Department 
of Medical Zoology, School of Tropical Medicine, San Jiian, P.R. 


A STOMACH TUBE FOR MICE 

Male catheters are in general use as stomach tubes for rats, guinea pigs, and 
rabbit's. These tubes, however, are not of sufficiently small diameter to be used for 
mice. Gla.ss tubes have proved unsatisfactory in the hands of the author due to 
lack of flexibility of the glass. A small stomacl:! tube has therefore been improvised 
from cellophane and so far has proved successful in use on mice. 

Different grades of cellophane are available commercially, but the author has 
used only one type, the cellophane ordinarily used for wrapping purposes. This 
is about the same weight as that used on cigarette packages. The cellophane is 
cut into trapezoidal strips (Fig. 3) and, after one side of the lower right hand 
corner has been dampened, the edge is rolled (Fig. 2) between the thumb and index 
finger. The angle at which the cellophane is rolled (Fig, 2, 115®) in relation to 
the longitudinal axis of the paper will determine the length of the resulting tube 
and consequently the number of layers composing the wall. After completion of 
the rolling process, the distal end of the paper is cemented and since the tube is 
rolled tightly, this is sufficient to hold it together and keep it from telescoping. 

From the experience of the author, a very useful tube is made by starting at 
an angle of approximately 115® on a cellophane strip of tlie size shown in Fig. 3. 
After the cellophane has been rolled to form a tube approximately | inches in 
length, the angle of rolling is increased slightly each time the tube is turned so 
that a tube results (Fig. 1) which measures about 3J inches long. One quarter 
inch is then cut from the small end and i inch from the large end. The resulting- 
tube has a diameter at the larger end of approximately 2 mm and a diameter at the 
smaller end of slightly less than 1 mm. The edge of the small end should be 
smoothed with fine sand paper. A hypodermic needle of the proper size, with the 
point filed off, is inserted into the large end of the tube when in operation. 
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FIG, 2 




FIG. / 

Mice are difficult to restrain manually so a rcstrainins liaji' with a zipper, stocks, 
or some other device should be used for holdiug tin* animal. It is necessary t<.» 
press on the extreme base of the mandible on either side in order to keoii the 
mouse’s jaws apart and hence avoid having the tube bitten tlirougli. This pressure 
is most easily applied by the fingernail of the index finger while the thiiml) holds 
the back of the animars head. Care should be taken to avoid junching the trachea. 
Some practice is necessary hi order to appl}" pressure ctirreetly. In an alternative 
method a small glass tube is inserted into the mouth and provides a passageway for 
the stomach tube thus protecting it from the incisors. 

The stomach tube, previously coated with a lubricant, should be inserted by 
following mid-dorsally down the roof of the mouth, exercising care to avoiti contact 
with the molars and tracheal orifice. The insertion of the needle into tlie stomach 
tube and injection should be accomplished as quickly as ]>ossihle since mice seem 
unable to breathe while the stomach tube is in situ. 

The author is using this tube for the administration of anthelmintics to mice 
but it should serve equally well for infectious material, vitamin concentrates, etc.- - 
G. M. Spurlock, Division of Entomology and Parasiiologw rnkrrsity of Cali- 
fornia, Davis, California, 
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The Invertebrates : Protozoa through Ctenophora. By Libbie Henrietta Hyman. 

xlil 726 pp. 221 illustrations. McGraw-Hill Book Company, Inc., New York. 
1940. $7.00. 

This book is part 1 of volume I of a projected three-volume reference work on 
the invertebrates. It opens with two introductory chapters, the first (21 pp) dealing 
with protoplasm, the cell and the organism; and the second (18 pp) with classifica- 
tion. Chapters III to VIII deal respectively with Phylum Protozoa (90 pp) ; 
Phylum Mesozoa (15 pp) ; Introduction to the Lower Metazoa (35 pp) ; Phylum 
Porifera (80 pp) ; Phylum Cnidaria (296 pp) and Phylum Ctenophora (35 pp). 
Each chapter includes at its end a fairly extensive bibliography and the volume 
closes with an index of 30 pages. 

Chapter I begins with a consideration of the physical, chemical and biological 
properties of protoplasm and continues with a discussion of the cell and its parts, the 
cell theory and cell division. The organism is then considered with attention to form, 
symmetry, metamerism, polarity, etc. 

In Chapter II, on classification, the subject is treated historically and then a 
system is adopted which recognizes 22 phyla. Subkingdom I consists of Phylum 
Protozoa. Subkingdom II, the Metazoa, comprises three, branches : A, Mesozoa 
( Phylum klesozoa) ; B, Parazoa (Phylum Porifera) ; and C, Eumetazoa. The 
latter consists of Grade I, Radiata, composed of the phyla Cnidaria and Ctenophora, 
and Grade II, Bilateria, This grade consists of three groups: a, Acoelomata (Phyla 
Platyhelniinthes and Rhynchocoela or Nemertinea) ; b, Pseudocoelomata (Phjda 
Aschelniinthes — rotifers, nematodes, etc. — ^and Entoprocta) ; and c, Eucoelomata. 
The Eucoelomata are further divided into 1) The Schizocoela, in which are included 
the Phyla Bryozoa or Polyzoa, Phoronida, Brachyopoda, Mollusca, Sipunculoidea, 
Priapuloidea, Echitiroidea, Annelida and Arthropoda; and 2) The Enterocoela 
whicli contains the Phyla Chaetognatha, Echinodermata, Hemichorda and Chordata. 

Chapter III on Protozoa begins with a section on the characters of the phylum 
in which it is stated that they are acellular rather than unicellular, followed by an 
outline of classification, and a discussion of the general morphology and physiology 
of the group. This valuable discussion (34 pp) includes the topics of form and size, 
general structure of the body, the nucleus, encasements and shells, kinetic elements, 
locomotor organelles, nutrition, respiration and the contractile vacuole, neuromotor 
system and sense perception, behavior, encystment, nuclear phenomena of division, 
asexual reproduction and the division of the cytosome, sexual reproduction, regenera- 
tion, genetics, and ecology. Under ecologj^ the terms symbiosis, commensalism and 
parasitism are defined and discussed. 

In the classification of the Protozoa the phylum is first divided into the Sub- 
phyla Plasmodroma and Ciliophora. The Plasmodroma include the Classes Flagel- 
lata or Mastigophora, the Rhizopoda or Sarcodina, and the Sporozoa. The Flagel- 
lata consist of the Orders Chrysomonadina, Cryptomonadina, Dinoflagellata, Chloro- 
monadina, Euglenoidina, Phytomonadina or Volvocales, Protomonadina, Polymasti- 
gina. Hypermastigina and Rhizomastigina or Pantostomatida. The Class Rhizopoda 
includes the Orders Amoebozoa or Lobosa, Foraminifera, Heliozoa and Radiolaria. 
The Mycehizoa are relegated to the Fungi and hence omitted. The shelled Proto- 
myxa are placed in the Foraminifera. The Sporozoa are divided into four Subclasses : 
1) The Teiosporidia, consisting of the Orders Gregarinida, Coccidia and Haemo- 
sporidia; 2) The Cnidosporidia, consisting of the Orders Myxosporidia, Actino- 
myxiclia and Microsporidia ; 3) Sarcosporidia, which includes the Orders Sarco- 
.sporidia aiid Globidia; and 4) Haplosporidia. which is not divided into orders. 

In the Subphylum Ciliophora, two Classes, Ciliata and Suctoria are recognized. 
The Ciliata are divided into the Subclasses Protociliata and the Euciliata. The latter 
is divided into four Orders. The Order Holotricha contains the Suborders Gymno- 
stomata, Trichostomata, Hymenostomata, Astomata and Apostomea. The Order 
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Spirotricha includes the Suborders Heterotricha, Oligotricha and Hj^potricha. The 
Peritricha and Chonotricha are recognized as separate orders. 

Each major taxonomic section opens with a definition of the group, a statement 
of its general characters and a discussion of its morphology and physiology; then 
follows an account of the morphology, life history, etc of members of the successive 
orders. The chapter closes with a section on general and phylogenetic considerations 
and a bibliography of nearly 25 pages set solid. 

As with the other chapters, the one on Protozoa is extensively illustrated. 
There are 60 figures in this chapter but most of these are full-page groups of draw- 
ings so that a total of several hundred drawings is represented. Most of the draw- 
ings have been redrawn from a variety of sources but many are original having been 
drawn from actual specimens. 

Typographical errors have been reduced to a minimum, but there are occasional 
statements with which one might disagree. For example, on page 13 it is stated 
that the mitotic spindle is seen only in fixed preparations : *‘The spindle and astral 
fibers apparently do not exist as such in life but may be fluid channels in tlie cyto- 
plasm.” There are a good many statements to the contrary in the literature and one 
might refer to the work of Cleveland and his associates who state that the spindle 
fibers can be plainly seen in living specimens of Bai'hnlanympha, On page 25 it is 
stated that “Das Thierreich” was begun in 1896, whereas one section of this work 
appeared as early as 1873. However, considering the amount of ground covered, the 
information is remarkably well-digested and up-to-date. 

As is to be expected in a general reference work such as this, the parasites are 
not given disproportionate attention, although by no means neglected. Those groups 
consisting entirely of parasites such as the Hypennastigina, Astoniata and Sporozoa 
are presented wdth as much detail as other* groups. In sections containing few or 
many parasites, these are given attention proportionate to their numbers and iinpor- 
tance. For example, in the section devoted to the Order Protomonadina, the discus- 
sion of the haemoflagellates, because of their importance, makes up the bulk of the 
section. 

Only one other group covered by this volume is of special interest to parasitol- 
ogists and that is the Phylum Mesozoa. To the reviewer the chapter on this enig- 
matic group seems adequate and modern, — D. H. Wenrtcii. 
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VARIATION IN A NEW SPECIES OF CESTODE^ 
RAILLIETINA (SKRJABINIA) VARIABILA, 
FROM THE PRAIRIE CHICKEN 
IN ILLINOIS 


W. Henry Leigh* 


In the course of vStudies carried on by the Game Management Sec- 
tion of the Illinois Natural History Survey relative to the status of the 
prairie chicken in central Illinois, fourteen young and fourteen adult 
birds were collected for studies of parasites and diseases (Leigh, 1940). 

Ten of the fourteen young prairie chickens collected during two sum- 
mers were infected with cestodes of the genus Raillietina. Four of the 
infections were so intense as to occlude the lumen of the small intestine 
for one-half to two-thirds its length. What effect such intense infection 
has upon the young hosts is not known at present. It seems reasonable 
that the minimum effect would be a reduction in reserve strength and 
vitality that might make the young more susceptible to predation or sec- 
ondary infections. Finding no cestodes in the adult birds seems* to 
indicate that the prairie chicken is susceptible to this species of Raillietina 
only or largely during the first few weeks of life. 

Attempts to identify these cestodes led to the conclusion that they 
had not been described previously. Due to the contrast in general 
ap])earance and the variation of many morphological characters in the 
cestodes of several hosts, it was at first thought that the collection com- 
prised several species. However, detailed studies revealed intergrading 
individuals between the extreme variants that made it clear that only 
one mutable species was present. This, the first representative of the 
genus to be recorded from the prairie chicken, is described in this paper 
under the name Raillietina {Skrjahinia) variahila. 


PROCEDURE 

Measurements comprising Table 1 and those used in formulating 
the specific diagnosis were made on only those cestodes which remained 

Received for publication, November 16, 1939. 

Thanks are due Dr. R. E. Yeatter of the Illinois Natural History Survey for 
excellent cooperation in all phases of the problem, and to Prof. H. J. Van Cleave of 
the University of Illinois for critical evaluation of the results of the study, 
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intact, possessed gravid proglottids and were in an excellent state of 
preservation, namely those cestodes from hosts numbered 1, » 

The remaining part of the collection was carefully stitdied, but since the 
strobilae were immature or broken up, the data were not used m prepar- 
ing the specific diagnosis. 

Table 1 —Synoptic characters of three differing groups of cestodes from 
three different hosts^ 


— 

Group 1 

Group 2 

Group 3 

Total length, mm 

6 

(47-84) 

71 

(129-180) 

147 ' 

4: 

(220-272) 

247 

4 

Greatest width, mm . . . 

11 

(0.6-2.1) 

1.3 

(1.3-1.6) 

1.5 

(2. 0-2.8) 

2.7 

Size gravid proglottids, 
mill 

(0.5-1.4by 0.3~1.1) 
0.9 hy 0.5 

4 

(1.4-2.0 by 0.5-0. 7) 
1.9 by 0.0 

4 

(1.8-2.2 by 1.3-1.0) 
2.1 by 1.5 ' 

Number rostellar hooks 

(240-260) 

‘>5‘> 

Approx. 250 

(250-272) 

205 

Size rostellar hooks, g • • 

1st row : 17-19 
2nd row : 15-10 

1st T'Ow ; 18 

2nd row : 15 

1st row : IS 

2nd row : 15-16 

Size cirrus pouch, u. . . . 

9 : 25 

(84-117 by 31-51) 
90 by 39 

5 : 20 

(108-117 by 30-51) 
113 by 45 

4 : 20 

(141-171 by 57-72) 
159 by 04 



4 : 30 

4 : 30 

Number testes 

12 . 1 5 
(3^05) 

(50-77) 

05 

(50-82) 

OS 

Size testes, g . . 

7 : 35 
(2«9) 

5 : 30 
(30-00) 

50 

4 : 30 
(09-102) 

S2 

Size capsule, g 

Size embryo, g 

2 : 10 

(00-84 by 42-57) 

72 by 47 

2 : 10 

(24-30 by 21-25) 
26 by 22 

1 : 12 

(69-78 by 45-72) 

72 by 61 

1 : 12 

(24-30 by 21-27) 

27 by 23 

1 : 17 

(03-102 by 45-75) 
80 l>y 59 
! 1:10 
i (24-30 by 19-24) 
2T by 22 

Size embryo hooks, g . . 

7-S 

(239~4'^9) 

315 

7-8 

7-8 

4 

Diameter scolex, g * • • • 

(253-i)19) 

2SS 

(332-478) 

400 ' 

Diameter suckers, g . . . 

11:25 

(54-90) 

77 

6 : 1 (> 
(81-105) 

93 

3 : 12 

1 (93-114) 

101 

Diameter rostellum, g . . 

14 

(72-129) 

98 

9 

(Sl-122) 

98 

4: 

(111-143) 

119 

A <VA T>fV*2St' 

4 weeks 

4 weeks 

8 w'et‘ks 

T gravid 

Number cestodes in host 

35 gravid 

17 immature 

15 gravid 




■* Boenuse the cestoap hosts 

in the hosts. , In in^ ti e lui’mber of moiisiu-i.'nionis ma.lo for 

All measurements were made without excessive flattening of the 
structures under consideration. Measurements of onchosphercs and egg 
capsules were made on temporary water mounts of dissected gravid 
proglottids under very slight pressure. Enough measurements were 
made on the various structures used diagnostically to be representative 
of the extremes of variation of those characters and to furnish a reliable 
mean (See Table 1). 
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Numbers of rostellar hooks were detemiined accurately from scoleces 
mounted so as to present an anterior view. Measurements of rostellar 
hooks were made on individual hooks dissected from the scolex or on 
satisfactorily oriented lateral views of the hooks on mounted scoleces. 

THE GENUS RmlUetim 

The genus Raillietma Fuhrmann, 1920, comprises numerous species 
found in birds and mammals. Members of the genus are characterized 
by a scolex armed with two rows of small hooks. Genital pores open 
unilaterally or alternate irregularly. The uterus breaks up into cap- 
sules containing a single or several eggs. The presence in the species 
here described of irregularly alternating genital pores, and egg capsules 
containing a single onchosphere places this form in' the sub-genus 
Skrjabinia. 

Previous reference to cestodes of the genus RailUetina in prairie 
chickens consists only of a single citation, that of Gross (1930) in Wis- 
consin. These cestodes, which were identified only to genus, in this 
paper are assigned to R. (S.) variabila. The clear differentiation of this 
species from described species of domestic poultry cestodes would seem 
to suggest that R. (S.) variabila is indigenous to the prairie chicken. 

Raillietma (Skrjabinia) variabila n. sp. 

(Figs. 1-18) 

D.WAINEIDAE Fuhrmann, 1907. Railliefim (Skrjabinia) Fuhrmann, 1920. 
Possessing characters of the subgenus. Total length of the gravid strobilae 47-272 
mm. Greatest width 0.6-2.8 mm. Final gravid proglottids measure 0,S-2.2 mm 
in length and 0.3-1.16 mm in width. The scolex is 239-479 in diameter. Suckers 
are 81-138 in length, 54-114 in diameter and are armed with 17-20 rows of small 
hooks, 8-10 in length. The rostellum is 72-133 p, in diameter and bears a crown of 
240-272 hammer-shaped hooks, arranged in two rows. Those of the first row are 
17-19 |.i in length ; hooks of the second row measure 15-16 in length. The oval to 
spherical testes number 33-82 in sexually mature proglottids of gravid strobilae and 
measure 24-1 02 in diameter- They may be small and scattered (Fig. 6) or large 
and closely packed together (Fig. 9) within the confines of the longitudinal excretory 
vessels. The vas deferens, exhibiting various degrees of convolution (Figs. 5-8), 
leads from the anterior poral side of the ovary to a muscular cirrus pouch which 
measures 84-213 by 33-119 p and may extend from one half (Fig. 6) to all the way 
(Fig. 5) to the longitudinal excretory vessel. The extended cirrus (Fig. 10) is 
armed with minute spines and measures 33-66 p by 10-15 p. The genital pore varies 
in position from a point just anterior to the middle of the lateral margin of the 
proglottid to the anterior third of the margin (Figs. 6 and 9). The ejaculatory duct, 
usually visible as a slightly coiled tube within the cirrus pouch, in the cestodes of 
host 7 is club-shaped (Fig. 7). The ovary consists of two lateral wing-like exten- 
sions, deeply lobated in most individuals, and exhibits considerable variation in size 
within the mature proglottids in various hosts. The irregularly shaped vitelline 
gland usually lies in the region behind the posterior median indentation of the ovary, 
but in the Wisconsin specimen, mentioned later, appears behind the aporal wing of the- 
uvary (Fig. 8) , The distal portion of the vagina is dilated and has thickened walls 
(Figs. 13-14). The uterus breaks up into capsules each containing a single oncho- 
sphere. Capsules dissected from fixed gravid proglottids measured 60-102 p by 42- 
75 p. Onchospheres measure 24-30 p by 19-27 p/ (Fig. 15) and possess three pairs of 
hooks measuring 7-8p in length (Fig. 16). 
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Habitat: Small intestine of Tympamichus americamis. 

Jasper and Richland Counties, Illinois. 

Date: Summers of 1936 and 1937. 

Types: Collection of the Illinois Natural History Survey. 

R. {S.) variahila, even with its great range of variation^ is easily 
distinguished from the other 16 known species of the siibgentis. It 
resembles most closel}^ R. {SY) centrocerci Simon, 1937, from the sage 
grouse in Wyoming. Through the kindness of Mr. Simon, material of 
R. {S.) centrocerci was made available to the author for purposes of 
direct comparison. Simon (1937) states that i?. centrocerci has 198-20S 
rostellar hooks. This range was verified on four anterior views of 
mounted scoleces. Testes were said to number 63-118. Counts made 
on three strobilae of Simonas material gave a range of 111-158 testes per 
sexually mature proglottid. In view of its smaller size, mure numerous 
rostellar hooks and significantly smaller number of testes it is believed 
that R. variabila constitutes a separate species. 

It should be pointed out that Simon has erroneously included R. 
(Raillietina) joyeiixi in the subgenus Skrjahiuia. Fuhrmann (1932) 
places this species in the subgenus Raillietiua, 

DISCUSSION OF VARIATION 

Those studies on variation in cestodes which have been located in the 
literature are concerned largely with observations on abnormalities in 
form and structure and not with variation in normally formed indi- 
viduals (Child, 1900 and 1902; Dobrovolny, C. G. and 'll, D., 1935), 
hence are not directly related to the present problem. 

Because this collection of cestodes was at first believed to represent 
more than one species, most of the observations were made on those welh 
preserved variants which seemed to possess differences of more than 
specific magnitude. Consequently, those early measurements are pre- 
served in Table 1. The discussion below will indicate the cuspecific 
nature of the variants. The three groups mentioned in the discussion 
are groups 1, 2, and 3 of Table 1 and were from hosts 1, 7, and 8, respec- 
tively. It was these three groups that received the greatest study. Ces- 
todes from other host individuals will be mentioned in the discussion as 
the occavsi on arises. 

She of Strobilae 

Groups 1, 2, and 3 (Table 1) (Figs. 6, 7, 9) may be clearly sepa- 
rated on the basis of total length and width of complete gravid strobilae. 
The explanation for this appreciable difference in size of cestodes from 
host to host is not clear. Number of individuals and available food, age 
of parasite and host, and individual differences in host resistance are 
possible factors. It is significant that the host harboring the smallest 
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number of cestodes also harbored the largest. Due to size diffei-ences 
the 7 cestodes of host 8, the IS cestodes of host 7, and the 52 cestodes of 
host 1 all filled the small intestines to an approximately equal degree. 

Scolex Characters 

Number and size of rostellar hooks always I’eceive considerable atten- 
tion in species determination. Descriptions of some members of this 
subgenus indicate little or no variation in number of rostellar hooks. 
H, (S.) microcotyle (Lopez-Ne 3 ^ra, 1931) is reported as having 34 
hooks; R, {S,) magnicoryiata (Fuhrmann, 1909), R, {S.) circumvaUata 
(Joyeux & Baer, 1936) and R. (S.) polyuterina (Fuhrmann, 1909) each 
have 200 rostellar hooks. R, (S,) lameri (Joyeux & Baer, 1928) pos- 
sesses 70-95; i?. (6'.) ransomi (Williams, 1931) has 500-520 and R. 
(N.) cesticillKs (Joyeux Sz Baer, 1936) has been observed to have 200-300 
in some instances and 400-500 in others. Other members of the subgenus 
have a range of variation from 7 to 100 hooks. Thus the literature indi- 
cates that some species of this genus may be variable with respect to num- 
ber of rostellar hooks and others relatively constant. The range of 42 
hooks in R. (S.) variabila is not unusual for this genus. Other scolex 
characters such as size of scolex, rostellum and suckers, and armament of 
the suckers offered no significantly contrasting characters within the 
three groups. 

Nimiber and Sise of Testes 

The number of testes within certain limits is considered a useful 
diagnostic character for members of this genus. An analysis of the 
number of testes for representative cestodes of the entire collection has 
given evidence of greater intraspecific variation than is usually encoun- 
tered in cestode literature. The greatest range of variation reported for 
any member of this subgenus w^as found in R. (S,) cenfrocerci (Simon, 
1937). This range was 63-118, and the author, using some of Simon's 
material, counted as many as 158 testes in sexually mature proglottids. 
R. (S.) crepidocofyle (Joyeux & Baer, 1935) is reported as having 
50-70 testes ; descriptions of the other members of the subgenus indicate 
no range of variation greater than 10. The entire range of variation in 
R. (S.) variabila lies between 82 and 33 testes in typical mature pro- 
glottids of gravid strobilae. Non-gravid strobilae of group 1 had as low 
as 17 testes in the sexually mature proglottids. A glance at Table 2 will 
reveal minor gradations in the maximum and minimum numbers of testes 
for individual strobilae. It is interesting to note that the minimum num- 
bers of testes for some strobilae exceed the maximum numbers for other 
strobilae. 

Table 1 shows discontinuous variation in size of testes of groups 1 
to 3. In cestodes of group 1 the testes ai*e small and scattered (Fig. 6) 
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Table 2. — A study in the range of variation of miniber of testes zmthin single 
complete strobilae, giznng the maximum number for the immature proglottids, and 
maximum and minimum numbers in the mature proglottids for each strobila^ 


No. of ind. 

Maximum no. 
in immature 
proglottid 

Maximum no. 
in mature 
proglottid 

Minimum no. 
in mature 
proglottid 

Amount of 
variation 
between 
extremes 

1.6 

63 

63 

42 

21 

1.1 

66 

■57 

38 

19 

1.1 

55 

52 

37 

17 

1.5 

51 

47 

33 

14 

1.16 imm. 

58 

46 

28 

IS 

1.12 imm. 

53 

39 

26 

13 

1.15 imm. 

48 

29 

17 

1,2 

7.3 


77 

62 

15 

7.1 

76 

76 

58 

18 

7.2 

80 

75 

56 

19 

8.7 

82 

82 

60 

22 

8,1 

77 

76 

62 

14 ' 

8.9 

68 

68 

57 

,'11 

8.8 

65 

65 

50 

15 

Wise. 


56 

44 

12 


Tlie left liaiid column gives the number of the host and number of the cestode 
studied. Gestode.s of hosts 1, 7, 8, representing groups 1, 2 and 8 of Table 1, were those 
used for this table. All specimens with the exception of those marked imm. (immature) 
were gravid strobilae. "‘Wise.” refers to the Wisconsin specimen. In some instances the 
minimum number of testes of cestodes in hosts 7 and 8 exceeds the maximum number for 
eestodes of host 1. 

in contrast to the closely packed, large testes of group 3 (Fig. 9.) With- 
out a consideration of other collections of cestodes, these two groups 
would undoubtedly be regarded as distinct species. Cestodes from other 
hosts of the same area and from a prairie chicken in Wisconsin had pro- 
glottids with 44-56 testes, the numbers characteristic of group 1, but with 
testes the size of those of groups 2 and 3 (Figs. 8 and 9). 


Size and Extent of Cirrus Pouch 

Within limits the size and the extent to which the cirrus pouch reaches 
medially towards the* longitudinal excretory vessel have been considered 
as sufficiently invariable in this genus to emphasize them in description. 
In this study, the cirrus has been found to vary within wide limits. 
While its size is relatively constant within a single strobila and even in 
the individuals of a single host, the cirrus pouch has shown marked dis- 
continuous variation from one host to another (Table 1). 

In the cestodes of other hosts, not included in the table, cirrus and 
testes characters of the three groups are variously and confusingly com- 
bined, For instance, cestodes from one host had 33-42 testes, thus con- 
forming to cestodes in group 1, but the cirrus pouch measured 170-213 p 
by 87-119 p and extended to the longitudinal excretory vessel, thereby 
exceeding the size of the cirrus pouch of cestodes of group 3 which are 
larger in length and width of strobilae. For all specimens studied, a 
range of 129 p in length and 86 p in width has been observed. A range 
of 50 p in length is the greatest variation reported for any other member 
of the subgenus. R. {S.) Icmeri (Joyetix & Baer, 1928) and K, (S,) 
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crepidocotyle (Joyeux & Baer, 1935) each exhibited this amount of 
■'•variatiom^ 

The extent to which the cirrus pouch extends medially toward the 
longitudinal excretory vessel in sexually mature proglottids varies from 
a point slightly under half way to the vessel through gradations up to 
the vessel itself (Figs 5-9). Also in gravid proglottids, if they are iiar- 
i*ow, the pouch may rest against the vessel (Fig, 10), whereas in wide 
ones, the cirrus may not reach half way to the vessel (Fig, 12). So the 
size and position of the cirrus pouch in this species hold limited signifi- 
cance as diagnostic characters. 

Egg Capsule and Onchosphere 

In contrast to the variation observed in the several characters dis- 
cussed above, the onchospheres and egg capsules of the variants show 
little dissimilarity. Measurements of egg capsules and onchospheres do 
not change significantly in any of the groups (Table 1) and all conform 
to a common pattern (Fig. 16). 

Atypical Cestodes 

Mention should be made of a rather striking variation evident in cer- 
tain strobilae of host 1, since they are sharply set off from the other 
members of the group. The entire strobilae are markedly smaller, and 
the maximum and minimum numbers of testes are below the figures for 
the t3^3ical members of the group. Those individuals in Table 2 marked 
imm. (immature) represent this group with a minimum number of 17 
testes. 

In these atypical individuals (Fig. 4) sexually mature proglottids 
are unusually narrow. The ovary remains small and undeveloped in 
comparison with the enlarging lobated ovary of the typical mature 
proglottid. Testes, in addition to being few in number, are unusually 
small. The final proglottids possess recognizable remains of ovary and 
testes, but there is no indication that the uterus is breaking up into egg 
capsules enclosing onchospheres. Whether these atypical members are 
younger and later attain the power of reproduction or for some reason 
are degenerate and never function reproductively can only be conjec- 
tured. Their irregularity might be associated with heavy infestation, 
as this four-week-old host had 52 cestodes packing the small intestine. 

Young (1935), in reviewing unsolved problems of cestode structure 
and development, states that variation in the number of testes is related 
to the problem of the origin of germ cells. He had observed testes to 
arise from such specialized somatic tissues as muscle cells. Child (1902) 
observed “that reduction in size of female orga.ns and reduction in num- 
ber of testes frec[uently occurs in proglottids less than normal size.'' 
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Wisconsin Specimens 

Unconformity in this species was further observed in fragments of 
cestodes taken from a prairie chicken in Wisconsin by Gross in 1930. 
This material was obtained from the Bureau of Animal Industry through 
the kindness of Dr. E. W. Price. These fragments, while obviously 
belonging to the subgenus Skrjahima, combined characters of groups 1 
and 3, the largest and smallest of the groups mentioned above. The one 
scolex obtained had hooks 16-18 p long and, while they could not be 
accurately counted, were clearly numerically close to the Illinois speci- 
mens. The testes numbered 44—56 per proglottid, thus were within the 
range of 37-65 for group 1. However, they measured 60-93 p in diam- 
eter, and this measurement conforms closely to the range as found in 
group 3, not at all to the range of group L The sexually mature 
proglottids were 1.82 mm in width, thus smaller than those of group 3, 
but the cirrus pouch exhibited higher maximum and average measure- 
ments, a maximum measurement of 135-180 p by 68-81 p and an a^’erage 
of 167 by 65 p. Measurements of egg capsules and onchospheres could 
not be made. Thus, within a single strobila (Fig. 8) from a Wisconsin 
prairie chicken were found characters that might possibly have been used 
in separating groups 1 (Fig. 6) and 3 (Fig. 9) into separate species. 

The above discussion presents what has seemed to the author an 
unusual amount of variation within a single species of cestode, as com- 
pared with descriptions of other described members of the subgenus 
Skrjabinia. The fact that all the hosts (Wisconsin specimen excepted) 
were collected within two counties and that the variations observed were 
similar for the cestodes of a single host, but dissimilar from one host to 
another, would seem to indicate that the explanation of this variation lies 
in a study of the relationships of parasites to their individual hosts. 

SUMMARY, ^ , 

1. A new species of cestode, RaiUictina (Skrjabinia) z^ariabila, has 
been described. It is the first species of this genus described fnr the 
praiide chicken, Tynipaiinchns anicricanus (Reichenbach) . 

2. This species was found in ten of fourteen young prairie cliickens 
collected in two adjacent Illinois counties. In four cases the infestations 
were so intense as to occlude the lumen of the small intestine. 

3. Size of complete gravid strobila, number and size of testes, size 
and extent of cirrus pouch are characters which vary within wide limits 
in this species. 

4. Number, size and shape of rostellar hooks, size and appearance of 
egg capsules, onchospheres and onchosphere hooks are relatively craistant 
throughout the entire collection of cestodes. 

5. Railliefina (Skrjabinia) sp. from a prairie chicken in Wivsconsin 
collected by Gross (1930) has been assigned to R. (S\) z^ariabi/a. 
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6. Variations observed in R. {S.) variabila were constant for speci- 
mens within individual hosts, but noticeably different within different 
hosts of the same area, indicating a considerable genetic tolerance of the 
species to variation of the several characters mentioned. Factors resi^on- 
sible for variation have not been determined. 
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Explanation of Figures 

All figures drawn with the aid of a camera lucida. Figs. 1 and 2 drawn to scale 
of Fig. 2; Figs. 4-9 to scale of Fig. 4; Figs. 10-12 to scale of Fig. 12; Figs. 13-18 
to scale of Fig. 17. Hooks of Figs. 1-3 drawn in by hand and not representative of 
accurate numbers. 

Fig. 1. Lateral view of scolex, group 1. 

F iG. 2. Anterior view of scolex, group 3. 

Fig. 3. Lateral view of rostellum, showing arrangement of hooks. 

Fig. 4. Atypical proglottid group 1, drawn to same scale as Figs. 5-9. 

Fig. 5. Proglottid combining some features of Figs. 6 and 7. 

Fig. 6. Sexually mature proglottid, group 1. 

Fig. 7. Sexually mature proglottid, group 2. 

Fm, 8. Sexually mature x>roglottid, from Wisconsin specimen. 

Fig. 9. Sexually mature proglottid, group 3. 

Figs. 10, 11, 12, Final gravid proglottids of groups 1, 2, and 3, respectively, 
drawn to same scale. 

Fig. 13. Cirrus pouch-vagina complex, cirrus unextruded. 

Fig. 14. Cirrus pouch -vagina complex, spined cirrus extruded. 

Fig. 15. Egg capsule showing onchosphere and inner envelope. 

Fig. 16. Onchosphere hooks. 

Fig. 17. Rostellar hooks. 

Fig. 18. Acetabular hooks. 





RECOVERY OF TRICHINELLA SPIRALIS LARVAE IN 
EARLY STAGES OF INFECTION 

Arthur J. Levin* 

Department of Zoology, State University of Iowa, Iowa City, Iowa 

Although the life cycle of TrichineUa spiralis is known in a general 
way, many of the details remain obscure, due to the inadequate methods 
employed in their study. To cite one instance, the early phases of the 
life cycle of Trichin clla have not been investigated because the methods 
available for obtaining larvae in later stages of infection have not been of 
use in recovering the young worms. Leuckart (1) and his contempo- 
raries used a method of scraping and chopping the meat and washing the 
larvae out for recover}- of worms in all stages of infection. Ransom (2) 
devised the method of pepsin digestion, and the workers in the field im- 
mediately took up this cleaner recovery technique. However, since the 
young worms cannot withstand this digestive treatment (McCoy, 3), no 
publications have appeared on this phase of trichina investigation since 
that time. This present study was undertaken for the purpose of estab- 
lishing a quantitative method for the recovery of larvae in the early stages 
of infection. 

MATERIALS AND METHOD 

The rats used were albino and hooded laboratory stock, between 11 
and 20 weeks old. They were fed on a diet of dog biscuits and water, 
and kept under the same conditions. The TrichineUa larvae used for 
infection were obtained from rats, infected eight weeks or more, by the 
method of digestion described by Ransom. After having previously been 
starved for 24 hours, each group of rats was infected at the same time 
with a dose of 30 larvae per gram body weight introduced into the 
stomach with a pipette. When the predetermined time of infection had 
elapsed, each rat was killed and the larvae recovered as described below: 

1. Strip the skin and eviscerate the rat. 

2. Grind the meat through a fine mesh grinder. Do not allow the meat to 
become diy at any time from this point on. 

3. Separate ground meat into parts of not more than 25 grams each. Larger 
masses necessitate many washings to recover all the larvae. 

4. Place each 25 grams (or less) of meat into a 500 cc Erlenmeyer flask, and 
add 60 cc 0.9% saline for each 10 grams of meat. Introduce glass beads into the 
flask and shake vigorously for 3 to 4 minutes to further break up the muscle fibers. 

5. Filter off all the liquid through a 60 mesh screen placed in a Buchner fun- 
nel in a suction flask. To keep the meat in the flask while pouring the fluid off, 
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the opening- of the flask should be covered with cheesecloth. Any meat adhering 
to the cloth can be washed back by pouring saline over the cloth into the flask. 
Discard each piece of cheesecloth after being used once. 

6. Wash meat by adding 30 cc 0.9% saline per 10 grams meat and shake the 
mixture for 2 to 3 minutes. Filter off the liquid and add to the first filtrate. 

7. Add 60 cc of 0.9% saline for each 10 grams of meat and connect the flask 
to a compressed air hose. Force air through the mixture vigorously for one hour 
at room temperature (22° C). Higher temperatures cause a froth to form, making 
it more difficult to wash all the larvae out of the meat. 

8. Filter off the liquid through a 60 mesh screen and add to the first filtrate. 

9. Wash meat fzdce as described under (6). Add all liquid to the first filtrate. 

10. Centrifuge the total filtrate suspension to concentrate the larvae. The 
supernatant fluid should be examined for larvae before being discarded. The con- 
centrated larvae can be kept indefinitely by adding some 5% formalin (5 cc) and 
storing at 5° C. 

11. ]Make larvae counts by drawing 0.1 cc samples from the larvae concentrate 
made up to known volume (McCoy, 4) and count under the low power of the micro- 
scope on a ruled glass slide. 

Ill working out this method, the meat was washed 10 to IS times after 
being subjected to the compressed air treatment, and only in three cases 
were any additional larvae found after the first washing* ; 50 larvae were 
found in one case on tlie 14th day after infection, 10 larvae on the 16th 
day after infection, and 100 larvae on the 17th day after infection. The 
second washing was therefore added to the technique to insure recovery 
of all the larvae. 

EXPERIMENTS AND RESLU^TS 

Each group consisted of ten rats infected at the same time larvae 
from the same source. The first rat was killed five days after infection, 
the second six days later, and so on tlirough fourteen days. Two groups 
of rats were so treated. A third group consisted of five rats* The first 
was killed 5v days after infection, the second 6 days after infection, the 
third 8 da}- s after infection, the fourth on the 9tli clay and tlie fifth 1 1 days 
after infection. The infective dose consisted of 30 larvae per gram body 
weight administered per os. No larvae were recovered five and a half 
days after infection. On the 6th day, as many as 50,000 worms were 
recovered, ranging in size from 95 to 125 microns in lengtli by 5 microns 
wide, which js the size of larvae forced from a gravid female. From the 
7th to the 11th day inclusive, the increase in numbers of larvae is marked ; 
135,000 being recovered on tlie 7th day, 151,000 on the 8th day, 221,000 
on the S)th day, 316,000 on the 10th day, and 350,000 on the 11th da}*. 
The number recovered thereafter remained relatively constant; 415,000 
on the 12th day, 435,750 on the 13th day, and 415.000 on the 14tii day. 
Larvae-larvae I'atio calculations were made on the basis of the number of 
larvae fed and the number of larvae recovered each day. These results 
are summarized in Table 1, and graphically in Fig. 1. Daily mea.sure"- 
ments of the larvae indicate that the larvae of 1 4 days infection reach a 
maximum size of 375 microns in length and 22.5 microns in width. How- 
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ever, the size and growth relationship of the young larvae are being 
studied at present and will be summed up in another paper. 

The young larvae, up to 12 days after inf eetion, could be recovered 
alive when the following modification of the maceration method was used : 

The entire muscle portion of the rat, finely ground, was placed in 
Q.9% saline in a flask (see Nos. 1 and 2 under Method) and shaken 
gently. Then the liquid was filtered off through a fine mesh screen (see 
No. 5 under Method). The filtrate contains the living larvae. This 



Fig. 1. A graphic representatioti of the daily larvae-larvae ratio (number of 
larvae recovered divided by the number of larvae fed). 


modification of the maceration method is of use only in obtaining the 
}’Oung larvae alive. The number of larvae recovered in this vv-ay is in no 
sense a true count of the total number of larvae contained in the muscles 
of the rat. From the 12th day after infection on, many of the young 
w'orms will remain alive even after having been put through the complete 
]>rocess of maceration, as outlined under Method. 


A fourth group of rats was used to find how long after infection the 
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Table 1. — Data from Groups 1, 2, and 3 


I' ' " ■ ' 

Rat 

Bays 

infected 

Weight at 
infection, 
grams 

No. larvae 
fed 

Weight 

wdien 

killed, 

grams 

No. larvae 
recovered 

Larvae- 
■ larvae 
rat-io 


X 

5 

ISS 

5640 

143 

0 


•! 

II— -11 

5 

187 

5630 

168 

0 


'll 

III— 22 

54 

6 

134 

4020 


0 

... 

1 

■ I— 2 

174 

5220 

i33 

0 



II — 12 

6 

174 

5200 

l.'if:? 

32,200 

6.2 


111- 30 

6 

174 

4500 

119 

50,500 

11.2 

ri ' '■ ' 

I — 3 


188 

5640 

132 

120,000 

21.3 

il'' ' ■ ■ ' ' 

11— 13 

7 

169 

5060 

137' 

149,000 

29.4' 

t 

4 

8 

182 

5460 

131 

145,000 

26.6 

1', 

II — 14 

8 

184 

5500 

160 

151,875 

27.6 


III— 31 

8 

135 

4050 

124 

155,000 

38,3 


5 

9 

226 

6780 

159 

237,500 

3>5.0 


11—15 

9 

161 

4840 

138 

1 72,500 

35.6 

'l. 

III— 27 

9 

150 

4500 

126 i 

253,000 

50.2 

» 

1—6 

10 

165 

4900 

102 1 

330,000 

67.3 


11—16 

10 

161 

4830 

145 1 

317,272 

65.7 

1' r ■ 

I— 7 

11 

159 

4770 

117 I 

295; 000 

61.8 

'1 

11—17 

11 

168 

5050 

144 , 

450,000 : 

89. 1 


III— 36 

11 

150 

4500 

126 

350,750 1 

77.9 


I— 8 

12 

167 

5010 1 

126 

415,000 ; 

82.8 

,1. 

11—18 

12 

165 

4960 ! 

1,43 

400,000 ' 

80.6 


I— 9 

13 

240 

7200 i 

151 

414,750 

57.6 

|, 

11—19 . 

13 

153 

4o70 i 

122 

458.750 

100.4 

' ^ 

I— 10 

14 

169 

5070 : 

151 

430.250 

S4.9 

'1 

11—20 

14 

169 

5070 1 

134 

401,250 ,! 

79.1 


i 


* Tile Roman numerals and Arabic numbers (e.| 
individual experiments. 


~10) refer to the numbervS of 


tioii, another at 17 days, another at 21 days and the last at 28 days. As 
pi-evioiisly noted, larvae were recovered after the first wasliing on t lie 
14th, 16th, and 17th days. This seemed to indicate that there was a time 
after which this method would be less efficient. By the 21st day, the 
maceration method was of no value in I'ecovering the larvae. The diges- 
tion method (80; 1 pepsin dilution) was efficient from this point on. 
Table 2 summarizes the results of this group. 

Some rats yielded results far out of line witli the majority of cases. 
Possible causes for these variations will be discussed later. 


-Data from Group 4 


i 


Rat 

Bays 

infected 

Weight at 
infection, 
grams 

No. larvae 
fed 

Weight . 
when 
killed, 
grams. 

No. larvae 
recovered 

Larvae- 

larvae 

ratio 

»s.IV— 25 

"■ ' 16 ■ ' 

170 

5100 

173 

117,000 


IV — 29 

17 ■ 

150 

4500 

143 

152,250 ; 


IV— 34 

' 21 

' 142 . . 

4240 

140 

380,750 

; 89.8 






(total) 
maceration : 







236,250 
digestion : ; 







144,500 i 


IV— 35 

28 

14G 

4380 

,152 

203,750* ** “" 
(total) 1 

60.2 


* The Roman numerals and Arabic numbers (e.g. IV — 20) refer to the of 

individual experiments. 

** The ground meat from this rat %vas divided into two equal parts : A and R. Part 
.A was first macerated and then digested. Part B was digested only. Ihirt A. Uaeera- 
tion : 17,000 larvae recovered ; digestion : 112,500 larvae recovered. ‘ Part B. Digi'stion ; 
124,250 larvae recovered. 
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DISCUSSION 

The maceration method utilized here is based on the consideration 
that the young larvae can be recovered by mechanical agitation of finely 
ground meat because they do not become encapsulated in the muscle 
sheath until at least four weeks after infection. 

Most observers are agreed upon the fact that the first larvae appear 
in the host tissue about the fifth or sixth day after infection (Leuckart 
(1), A^irchow (5), and others). In this work, no larvae were recovered 
until the sixth day. The dui’ation of larval production and larval migi'a- 
tion has been estimated by various authors at from six to twenty-five 
days (Leuckart (1), et al; Augustine (6)). According to Leuckart, the 
greatest migration takes place on the 9th and 10th days and the maximum 
invasion of muscle occurs between the 12th and ISth days. Augustine 
places the maximum invasion on the 10th day. This present work seems 
to indicate that the deposition of larvae, once it is begun, is a rapid and 
constant process, occurring over a period of six days. Larval migration 
seems to be of very short duration, and penetration of the host tissue 
seemingly takes place very shortly after the larvae have been released. 
Since the number of larvae recovered after the 12th day does not increase, 
it seems correct from these experiments, to set the duration of larval 
production and migi'ation at from the 6th to the 12th days. 

The small intestine of each rat was examined for the presence of adult 
worms. Up to the 16th day, adults were found. On the 16th day and 
thereafter, no adults were found in the intestine. This corresponds 
exactly with the findings of Christenson (10) and Gursch (7). 

Although most of the data checks with a fair degree of accuracy, vari- 
ations do occur. These variations seem to be of two kinds : one, wherein 
the number and size of the larvae recovered on a particular day are 
smaller than that ordinarily found ; and two, wherein the number of larvae 
recovered on a particular day is less than might be expected, based on 
previous experiments, although the size of the larvae corresponds with 
the size of those usually found on that day. The former type of variation 
will be discussed in a subsequent paper on size and growth relationships 
of the larvae. 

The latter type of variation is exemplified particularly in Group IV. 
Gursch (7), working in this laboratoi'y, using the same stock of rats, the 
same source of larvae and the same infection dose, found similar varia- 
tions. In one case, in a 12 day infection, he could recover only 15 per 
cent of the original dose from the intestine, whereas 42 per cent recovery 
is usual. Furthermore, in another rat, examined 10 hours after infection, 
he foiiiid 37 per cent of the larvae still in the stomach, whereas all the 
other cases showed less than one per cent. xAccording to Glazier (8), 
Flint states that the liberation of trichinae in the stomach corresponds 
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with the time required for solution by the gastric juice of the albuniinotis 
substances of the muscle, which takes from one and a half to five hours. 
Professor Wedl, in a report to the Medical Society of Vienna in 1867, 
further states that in vitro, free trichinae are acted on and killed by gastric 
juice, while it only serves to dissolve the capsule in other cases and thus 
set free the worm. From this, one might postulate that worms, |>re“ 
viotisly digested out and fed, and then remaining for an additional ten 
hours in the stomach of the host would take little, if any part in produc- 
ing an infection. 

McCoy (9) was able to demonstrate that, in immunized rats, larvae 
fed were quickly passed in the feces. It is conceivable that this might 
occur in rats showing a natural immunity. Thus, the retention of larvae 
in the stomach, and the passing out of larvae in the feces before producing 
an infection could account for a low infection in non-immiinized rats. 

SUMMARY 

1. Yoimg Trichmella larvae, in infections of from six days to twenty- 
one days, can be recovered from rat tissue by a technique of maceration. 
This technique separates the larvae from host tissue by physical means, 
without resort to chemicals, such as pepsin, which destroy the young 
worms. 

2. When an infective dose of approximately 5000 larvae was used, the 
first evidence of larvae in the rat tissue was oittained about six da\\s after 
infection. 

3. The numbers of larvae released into the rat tissue increase rapid!}' 
from the sixth to the eleventh day. By the twelfth day. the great majoritv 
of larvae have apparently been released. The numlters recovered remain 
fairly constant from the twelfth day onward. 

4. The size of the larvae recovered from rat tissue on tlie sixth <iay 
is the same as the size of larvae squeezed from a gravi<l female, 

5. Extreme variations from the normal (majoritv of cases; in the 
nuin])er of larvae recovered may be accounted for In' the fact that, in some 
instances, the larvae fed may have remained in tlic stomach for abnor- 
mally long periods of time and died before f)assing into the small intes- 
tine; and the possibility of their being passed in the feces before taking 
part in producing an infection. 
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DISCOVERY OF HUMAN HEARTWORM INFECTION IN 
NEW ORLEANS* 


Ernest Carroll Faust, E. Perry Thomas, and Jack Jones 

Heartworm infection in domestic dogs is prevalent throughout South- 
ern Europe, China, Japan, the Netherlands Indies, Fiji, New Caledonia, 
Australia, Hawaii, and the warmer regions of North and South America. 
In some of these areas the incidence in dogs over one year of age is as 
high as 30 to 50 per cent. The etiological agent of this infection is Diro- 
imnutis (hddy, 1856). This same species of filaria has also been 
recorded from the dingo (Canis dingo) in Australia; from C. hr achy urns 
in Brazil; from the wolf (Canis sp.) in Japan; from the timber wolf (C. 
floridanus) near New Orleans, La.; from the fox (Vulpes vulpes) in 
North China ; from the domestic cat (Fells catus domestica) in V^irginia 
(U. S. A.), Dutch Guiana and North China; from the tiger (F. tigris) 
in French Indo-China; from F. tigris sondiaca in the Netherlands Indies, 
and from the jaguar (F. onca) in Surinam. Moreover, the specimens 
of Diro filaria obtained from the common seal (Plioca vltidina), the 
crested seal (Steinmatopus criskitus) and the California sea-lion (Zalo- 
phus calif ornianus) are apparently indistinguishable morphologically 
from the dog heartworm (Faust, 1937). Another species of heartworm 
(D. pongoi) has been descidbed by Vogel and Vogelsang (1930) from 
the Borneo orang-outang (Pongo pygniaeus) , and still another species 
(D. indica) by Chakravarty (1936) from a Calcutta dog. 

With the possible exception of a few observations made in Tokyo by 
Tokishige (cited in Blanchard, 1895), these worms have been recovered 
fi'om the chambers of the right heart, the inferior and superior vena cava, 
and the pulmonary artery, or, less frequently, have migrated from the 
pulmonary artery into the respiratory tree, Tokishige reported 82 heart- 
worm infections in dogs, of which one occurred in the left heart, one in 
the posterior (abdominal?) aorta, and one in the crural artery, while in 
one instance the worms had perforated the interauricular septum. 

In 1887 de Magalhaes reported the discovery of a single male and a 
single female filaria in the left ventricle of a male child from Rio de 
Janeiro. These worms were studied by Blanchard (1896), who stated 
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that de Magaihaes’ description was accurate but recognized that the 
worms were specifically different from the dog heartworm and named 
them niagalhdesi in honor of their discoverer. 

The heart filarias all belong to the subgenus Dirofilaria Faust, 1937, 
as distinguished from the species of Dirofilaria living in the cutaneous 
and subcutaneous tissues (subgenus Nochtiella Faust, 1937). 

PRESENTATION OF DATA 

The present report concerns a second case of human heartworm in- 
fection, from an aged negress, native and life-time resident of New 
Orleans, Louisiana. 

The woman had never gone into the country for a visit or to work. 
Her only absence from the city had occurred more than twenty years 
ago, when she was placed in a government hospital for treatment of drug 
addiction. She died at the age of 73, probably as a result of acute toxic 
nephritis. The body did not come to autopsy but was embalmed and 
later was utilized for dissection. In the abdominal cavity there was a peri- 
toneal abscess around the cecum, extending along its medial and lateral 
sides; it was adequately walled-off by the omentum and small intestine. 
There was no evidence of edema or abdominal ascites. The kidneys 
presented gross evidence of acute toxic nephritis. The pleura, lungs and 
heart showed no gross pathology. ‘ 

On dissection of the inferior vena cava a stiff, creamy- white thread 
was discovered projecting out of a blood clot. .After the object had been 
washed and placed in formalin it was evident that it was no artefact. 
Examination with the naked eye and with a hand lens suggested that it 
was a male filaria, especially in view of the characteristic corkscrew coil- 
ing of its more attenuated end. Search for a female worm was unsuccess- 
ful and examination of a portion of the blood clot for microfilariae was 
negative. It was then concluded that the infection consisted of a single 
male worm, which was cleared in glycerin and was found to be a speci- 
men of Dirofilaria, Additional study was then undertaken to disco\’er 
whether (1) it was Dirofilaria inuuitis, which is quite common in dogvS 
in the New Orleans area, (2) D, inagalhdesi, or (3) a new species of 
Dirofilaria, 

DESCRIPTION OF THE WOim 

The worm is a mature male. It is cream}’ white, delicate, filiform 
and wiry (Figs. 1, 2A), The anterior end is stiff and bluntly rounded. 
The posterior end is attenuate and exhibits a t 3 ’pical cork-screw coiling 
through at least three complete spirals. The total length of the filaria is 
120 mm, the greatest diameter, 0.52 mm, and the diameter of the head, 
0.41 mm. The integument is thick and is transversely striated, especiallv 
on the inner curvature of the tightly coiled posterior end. Second only 


FAUST ET AL.~--HUMAN HEARTWORM INFECTION 


117 



to the posterior spiralling, the most conspicuous featiu'e of the worm is 
the relatively long ala on each side of the posterior extremity (Fig. 2Z)), 
with a length of O.SS mm and a maximum breadth of 48 microns. Under 
low magnification of the uncompressed caudal end the 4 pairs of large 
preanal papillae were readily observed, while the 4 pairs of smaller post- 
anal papillae were detected with considerable difficulty. For more de- 
tailed examination the posterior-most one mm was separated from the 
major portion of the worm with a sharp scalpel, mounted on a slide under 
a coverglass and studied under a magnification of 500 diameters (i.e., 4 
mm objective and paired x 8 oculars). 



Fit;. 1. Photograph of entire male Dirofilaria lonisianensis n. sp., natural 

size. 


As observed either from the ventral or the lateral aspect (Fig. 2D, E) 
the caudal extremity showed clearly the 4 pairs of large, obovoidal, sym- 
metrically arranged preanal papillae, approximately equal in size, each 
with a delicate central duct which apparently arises from a basal gland 
and opens externally through a pore. The 4 pairs of symmetrically 
arranged postanal papillae were considerably smaller. The two median 
pairs were structurally like the preanal papillae, but were only about half 
their size. The pair of papillae immediately posterior to the cloacal 
opening was even smaller, semi-stalked and its two members close to- 
gether. Each papilla of the posteriormost pair resembled a delicate shoe- 
button on a moderately long, delicate stalk. All of these papillae were 
found to be smooth surfaced. 

Cephalic papillae were difficult to detect but careful examination indi- 
cated that there were ten in all, consisting of four pairs of submedian 
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Fig. 2. A, camera lucida sketch of entire worm, with adherent portitMi of 
hlood clot near anterior end, X 2/3; extreme anterior end of worm, lateral view, 
showing thickness of integument, two of the subraedian papillae, proximal end of 
esophagus and minute buccal cavity, x 333 ; C, anterior end of worm, lateral view, 
showing contour of cephalic end, four submedian and one labial papillae, and por- 
tion of the esophagus, X 85; D, posterior end of worm, ventral view, uncompressed, 
showing caudal alae, cloaca! cleft, 4 preana! papillae and 4 postanal papillae, a85: 
E, posterior end of worm, nearly lateral view, slightly compressed, showing paired 
preanal and postanal papillae, long, narrow, left spicule (spA and shorter, rela- 
tively broad, right spicule (sp^j ) , x 333. 

papillae and one pair of lateral papillae (Fig. 2C) . This confornis to the 
pattern presented by Chitwood and Chitwood (1938} for Dirafilarla 
immitlsj which Desportes (1940), apparently itnaware of the Chitwoods' 
data, identifies as a constant diagnostic character of the genus Dirafilarla. 

The copulatory spicules (Fig. 2£, spi, sp 2 ) varied specifically from 
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those of described species of Dirofilaria. The right spicule of this worm 
(the shorter one), like that of other species of the subgenus, was seen to 
be fashioned as a moderately long, shallow, gracefull}^ curved scoop, with 
a rounded distal end. On first examination its proximal (i.e. attach- 
ment) end appeared to be distinctly pointed, but more careful study re- 
vealed a nearhf transparent, inverted triangular extension which consti- 
tuted the actual internal shank of this spicule. It had a length measure- 
ment of appi-oximately 150 microns, had ample skeletal support except 
at the proximal end, and was readih' seen in the cleared specimen. The 
left spicule (the longer one) was more delicate, practically hyaline, and 
easily overlooked. It was not as shai'ply pointed at its distal end as that 
of D. iiuiiiifis or D. pontjoi, was curved on itself in its distal third to form 
a drawn-out figure S, had a distinct thickening at the level of flexure and 
a narrow shaft from this point to its proximal end, where it flattened out 
at its site of attachment. It had a length measurement of 196 microns. 

The more important characters of this worm, together with compar- 
able data from D. magalhaesi, D. immitis, D. indica and D. pongoi are 
summarized on Table 1. 

There is no evidence a>ssociating this worm with any pathological 
procession in the host. 

DISCUSSION 

The discovery of a second isolated heartwonn infection in man from 
an area far removed from that in which de IMagalhaes discovered the 
first human infection more than a half centurv agt> indicates that man is 
susceptible to heartwcnan infection. However, since the human heart is 
almost invariably opened at autopsy, filarias, if present in the chamber.s 
of the heart or the great vessels leading into or from it. woukl probably 
not be overlooked, nor would they be diagnosed as artefacts. Thus, the 
absence of additional cases of human infection suggests that human 
heartwonn infection is indeed i-are. 

If de Magalhaes’ worm and that from New Orleans were diagnosai.)le 
as Dirofilaria immitis, an explanation of the two isolated human infec- 
tions Avould be readily afforded, namely that this worm, which is so 
common a ])arasite of dogs, may, under appropriate circumstarices, be- 
come a ])arasite of man. However, the present morphological criteria 
for species differentiation of filarioid worms require that the .sjieciinens 
obtained from the two human subjects be regarded as distinct from D. 
immitis, D. indica and D. pongoi, as well as from one another. .\lth< lugh 
it is apiiarent that parasites rarely reported from a particular host must 
have adeiiuate reservoirs to maintain their life cycles, there is neither 
proof nor suggestive evidence indicating what these reser\-oirs are iti the 
case of the two filarias recovered from the human heart. 
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1‘esiilts may be summarized as follows. From a 
standpoint of pure logic de Magalhaes’ worm and that from New Orleans 
should not be considered as distinct species, but until a broader species 
concept of filarioid worms is provided they must be designated as such. 

Dirofilaria louisianensis n. sp.— with the characters of the genus D iro filar ia, 
subgeiius Dirofilaria, Only a single male worm known, having a length of 120 mm, 
a greatest breadth of 0.52 mm and a distance from the doacal cleft to the caudal 
extremity of 0.33 mm; with caudal alae 0.55 mm long and 48 microns wide; with 
4 pairs of large, smooth, obovoidal, symmetrically arranged preaiial papillae, approxi- 
mately equal in size; with 4 pairs of relatively large, smooth, obovoidal, symmetri- 
cally arranged postanal papillae, of which the median two pairs are the larger and 
are similar in shape and structure to the preanal papillae, the first and fourth pairs 
are much smaller, the fourth pair having a shoe-button head surmounting a mod- 
erately long delicate stem; with a shorter (right) spicule, easily seen, measuring 
0.150 mm in length, rounded at its distal end, with a nearly transparent proximal end ; 
with the longer (left) spicule, delicate and nearly transparent so that it is not easily 
detected, measuring 0.196 mm in length, with an S-curved distal portion, a thickened 
flexure and a thin, flattened proximal end. 

Habitat: New Orleans, La., U. S. A. 

Host: Elderly negress, native and life-time resident of New Orleans. 

Location of parasite in host: Inferior vena cava. 

The specimen is deposited in the Faust Helminthological Collection. 

SUMMARY 

Dissection of the body of an aged negress, a native and life-time resi- 
dent of New Orleans, La., has resulted in the recovery of a single adult 
male filaria from a blood clot in the inferior vena cava. The failure to 
find any females or microfilariae suggests that the male was the only 
worm that had developed. There was no evidence indicating that the 
heartworm infection had produced any pathology. 

The measurements of this heartworm, together with the character of 
the preanal and postanal papillae and the structure of the copulatory 
spicules, indicate that on morphological grounds the worm is specifically 
different from the common heartworm of dogs {Dirofilaria iiumitis), 
from D, indica^ from D. pongoi and from D, magalhdesi, the only pre- 
viously reported heartworms of mammals. Based on these criteria this 
worm is designated zs Dirofilaria loitisianensis i\, sp. 
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LARVAL TREMATODE INFECTION IN JUVENILES AND 
ADULTS OF CURRIERS 


W. W. CoRT, Louis Olivier and D. B. McMullen 


INTRODUCTION 


Studies on the ecological relations of larval trematode infections in 
Stagnicola emarginata angulata (Sowerby) have been carried out during 
the last five summers at the University of Michigan Biological Station 
(see Cort, McMullen, and Brackett, 1937; Cort, McMullen, Olivier, and 
Brackett, 1940a). One of the most interesting parts of this work has 
been the comparison of infections in juvenile and adult snails. In the 
summers of 1938 and 1939 the ecological studies were extended to in- 
clude the larval trematode infections of juveniles and adults oi Physa 
parkeri Currier, a very large beach snail, and, in addition, its life cycle 
was worked out. Two preliminary publications have already been made 
on certain phases of this work (Cort, McMullen, and Olivier, 1938; Cort, 
McMullen, Olivier, and Brackett, 1940b). In this paper all the data 
obtained on the life cycle of P. parkeri and on its larval trematode infec- 
tions are presented. 


BIOLOGICAL 

STATION 


Map 1. Map o£ Douglas Lake showing the location of the four areas from 
which the collections of P. were made. 

Received for publication, June 8, 1940. 

^ A contribution from the University of Michigan Biological Station and the 
Department of Helminthology, School of Hygiene and Public Health, The Johns 
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The collections of P. parkeri for this study were made from four areas 
on Douglas Lake (see Map 1). Of these, the North Fishtail Bay, 
Nutting Bay, and Maple River areas were also used in the studies of S. 
cmarginata angnlata. The collections of P. parkeri from the Maple 
River area, however, covered a much larger stretcli of beach extending 
almost a half mile south and east of the source of Maple River, Here 
the beach is wide, the water is shallow, the soil contains much organic 
material, and there are many reed beds. In addition, collections were 
taken from the South Fishtail Bay area, which extends north al:)out half 
a mile from the western limit of the Biological Station. Tlie beach here 
\'aries considerably in width, but is narrow for most of the way. These 
four areas are among the best places for collecting P. parkeri in the wliole 
region. 

The methods used in this stud}" were the same as those described by 
Cort et al (1940a). 

LIFE CYCLE OF Pliysa parkeri 

Physa parkeri is by far the largest species of this genus in the 
Douglas Lake region. Our measurements of adults (Table 1) show a 
range of shell length from 13-25 mm with the mode at about 20 mm." 
These snails are very delicate and die quickly when brought into tlic 
laboratory unless handled veiw carefully and kept in running water. The 
shells, both of the juveniles and adults, are thin and easily broken in 
handling. This species rarely occurs in large numbers and appeal's tn 
be easily affected by adverse conditions in its natural environment. P, 
parkeri has only been found on the shores of Douglas Lake. It is more 
restricted in its habitat than N. cumrginafa angnlata, although it is si^nie- 
times found along stretches of beach where that variety is absent. 

In the summer of 1939 we were able to make a few ol.iservations on 
the egg-laying habits of P, parkeri. From June 17 to 20 several egg 
masses were found and juveniles began to hatch from one of th(‘se on 
June 22. On June 20, July 4, and July 5 to 11, eggs were laid in the 
laboratory containers by snails brought in from three different areas. 
From four egg masses laid on June 20, juveniles hatched in 16 aial 17 
da3's, and during a warmer period (July 4 to 14) they hatched in from 
8 to 10 days. The egg masses of P. parkeri are somewhat variable in 
size and shape and are usually larger than those of S. cmarginata a n ga- 
la ta. They are elongate, curved masses of jelly for the most part al)out 
12 to 18 mm in length and are rather soft and easily broken. One 
unusually large mass was almost 50 mm long by about 12 niiii wide. 
The differences in size depend on the number of eggs, which varied in 
22 counts from 5 to 161. Most of the masses, however, contained from 

2 For the description of the methods used in making the -measurements see Cort 
et al, 1940a, p. 35, 
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40 to 80 eggs. The newly hatched juveniles measured about 1 mm in 
length. 

In the summer of 1938 we started to collect juveniles of P. parkeri. 
Unfortunately we have only a few records of early summer collections. 
'On July 11 in making a collection of adults from the Maple River area 
we accidentall}^ picked up five juveniles of this species from 11 to 14 mm 
in length. This suggests that on that particular beach some juveniles 
must have started to hatch in the first half of June or even earlier. Our 
best series of measurements of juveniles of P. parkeri was taken from 
specimens collected in the Maple River area on July 27, August 13, and 
September 3, 1938 (Table 1 and Graph 1). The 300 juveniles collected 
on July 27 had a surprising range of variation in length (3 to 17 mm) 
which overlapped the adult size. It seems probable that the smallest of 
these juveniles had hatched from eggs laid on the beach early in July. 
The considerable proportion of them that had reached a large size sug- 
gests that eggs of this species may be laid on the beaches somewhat 
earlier than those of S. emarginata angulata. By i\ugust 13 they had 
increased considerably in size, with more than half reaching a length 
greater than the minimum for adults (13 mm). None under 7 mm was 
present in this collection and there was a greater tendency for conceiitra- 
tion of the length measurements around the mode. By September 3 all 
except a very few were in the adult size range. The minimum lengths 
in the three collections of juveniles shown in Graph 1 suggest that few 
eggs were being laid on this beach after the first week in July and tliat 
few if any snails were hatching after the middle of that month. We 
interpret this and the other evidence on the breeding season of F, parkeri 
as indicating that the eggs are laid in June and early July. 

Late August collections of juveniles from the other three areas also 
all gave length measurements greatly overlapping those of adults. There 
was no evidence that any of these snails had reached sexual maturity, 
since no eggs were ever found. It can be suggested, therefore, that in 
the case of P. parkeri full size is reached in the fall and that growth is 
not resumed in the early spring of the second season. comparison of 
the length measurements of the late summer collections of juveniles from 
the four different areas (Graph 2 and Table 1) suggests that in the 
South Fishtail Bay area growth was considerably .slower than in the. 
other three areas. .. Snails collected here on August 20 to 23 were smaller 
than those collected at approximately the same date from the three other 
areas. 

Growth between the time of the last fall collections and those ma<le 
early the next June is shown in Graphs 1 and 3 for the snails from the 
Maple River and North Fishtail Bay areas and the same thing for the 
South Fishtail Bay area can be seen in Table 1. On the basis nf tliese 
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data it seems reasonable to conclude that the full growth could easily 
have been attained in the fall before cold weather set in. It is also evi- 
dent that there must have been a slowing up in the growth of the larger 
juveniles in all three areas, since the range of vaiiation in the adults is 
less than in the juveniles of the previous summer. Here it can be sug- 
gested, as was done earlier for 5. emarginata angidata (Cort et al, 
1940a), that adult size may have been fixed by the beginning of cold 
weather, that the lai'gest juveniles became the largest adults, and that the 
smallest juveniles remained small as adults. This suggests also the pos- 
sibility that an important cause of variation in the adults, as in the 
juveniles, is the time of egg laying. According to this view, in general, 
those snails that hatched early in the summer became the largest adults 
and those from eggs laid late in the breeding season became the smallest 
adults. 

The I'ecords of collections in Table I show that the adults of P, 
parkeri were scarcer on the beaches in the summer of 1939 than in 1938. 
It seems probable that a combination of factors led to this reduction in 
the numbers. In the Maple River area there was evidence that the 
juvenile snails were being killed in large numbers by exceptionally heavy 
larval trematode infections. The collections of the summer of 1938 were 
probabl}^ also a factor, especially in the South Fishtail Bay area, where , 
we deliberately tried to collect out the snails because of danger of 
schistosome dermatitis. Other factors, probably adverse environmental 
changes, seem to have been operating in this reduction, especially in the 
Nutting Bay area, where the incidence of trematode infections was low 
in 1938 and where little collecting was done that summer. 

Our collections on the beaches of Douglas Lake over a period of 
years had given the general impression that adults of F. parkeri are 
scarce after the middle of the summer and the collections of the summers 
of 1938 and 1939 confirmed this impression. Even in the earliest collec- 
tions large numbers of empty shells were found, which showed from their 
color and condition that they belonged to adult snails that had recently 
died. Also, on every collecting trip we found shells which still retained 
the dead bodies of snails. In addition, it became increasingly hard to 
find adult snails in collections made after the middle of July. It is evi- 
dent, therefore, that soon after the end of the breeding season, the adults 
of F. parkeri die and are almost entirely replaced by the new generation 
of juveniles by August. 

The life span for Physa parkeri, therefore, is about 13 to 14 months, 
and extends over only one winter. Egg laying begins sometime in June 
and few if any eggs are laid after the middle of July. The juveniles 
grow very rapidly, the majority overlapping the adult size by the end of 
August, but do not attain sexual maturity until the next s]>ring after pass- 
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ing the winter under the ice. After the breeding season the adults soon 
die, are scarce by the middle of July, and appear to be all gone soon 
after the first of August. As compared with Sfagnicola emarginata 
angulata, the breeding season of F. parkeri appears to be somewhat 
earlier, the juveniles attain a relatively larger size by the end of the sum- 
mer, and the adults die sooner in the summer. 

LARVAL TREMATODE INFECTIONS IN JUVENILES AND ADULTS 
OF Physa parkeri 

In the four areas on Douglas Lake F. parkeri harbors six species of 
larval trematodes (see Table 2), viz., a schistosome {Cercaria physellae 
Talbot, 1936), an echinostome (the cercaria of Echinoparyphmm recur- 
OT/if/n (Linstow, 1873)), a strigeid (C. physae Cort and Brooks, 1928), 
a notocotylid (the cercaria of N otocotylus urbanensis (Cort, 1914)), and 
two plagiorchiids (the cercaria of Cercorchis medius (Stunkard, 1916) 
and one belonging to the Reniferinae). 

C. physellae is one of the dermatitis-producing schistosome cercariae 
of the region. It is found also in the small beach Physa, F. magnala- 
cusfris, and in the Douglas Lake region seems to be pretty well limited 
to these lake shore physae. It has been reported by Brackett (1940a) 
from other species of this genus in Wisconsin and is found there in a 
wide variety of habitats. In the Douglas Lake region it seems to be of 
little significance in the production of the ‘^swimmer’s itch’' on the bath- 
ing beaches (Cort et al, 1940b) . The adult of C. physellae is not known 
but the recent epidemiological studies of Brackett (1940b) in Wisconsin 
indicate that its definitive host is probably a duck. 

The cercaria of Echinoparyphmm recurvatum had a high incidence in 
our collections. Its adult has a wide range of hosts, both birds and 
mammals. It is common in the muskrats in the Douglas Lake region 
and its high incidence in the Maple River area (Table 2) was attributed 
to the presence on this beach of large numbei's of these hosts. The cer- 
caria of this species is also present in other species of Physa including 
those, such as F. gyrina, that live in ponds and swamps. It is also found 
in low incidence in Stagnicola emarginata angulafa. 

The strigeid, C, physae, is very similar to the cercaria of the heron 
strigeid, Posthodiplostomuni minimum (Hunter, 1936 and 1937; Fergu- 
son, 1936 and 1937) . This cercaria is very widespread in the region and 
is found commonly in various species oi Physa, including those from 
small ponds and swamps. It seems probable that its definitive host may 
be the great blue heron which is so common in the Douglas Lake region. 

The notocotylid of our collections was shown experimentally by Her- 
ber (1939) to be the cercaria of N otocotylus tirbanensis. The cercaria 
of this species is also widely distributed in the various species of Physa 
and is present in low incidence in S. emargimta angidata. 



* rercontsif^e inddence in colloctifUL 
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The cercMiR ot Cercorckis medM a turtle telorchiid (McMullen, 
1934) , was described from Physa integra and occurred in P. parkeri from 
only one of our areas. 

The reniferid cercaria found in two of the collections is probably one 
of the two species for which the life cycles were described by. Talbot 
(1933). As noted by this author it is almost impossible to make 
accurate identifications of these species from the cercaria alone. These 
cercariae are widely distributed and occur in several species of Physa. 
Their definitive hosts are garter snakes. 

The incidence of infection of these six species of cercariae in P. 
parkeri is such that multiple infections would not be expected to be com- 
mon except in the Maple River area (Cort et al, 1937). In fact in the 
whole series of examinations listed in Table 2 only nine double infections 
were found. C. physellae was found in three cases with the cercaria of 
N. urbanensis, once with the ceixaria of E. recurvatunt^ once with C. 
physae, and once with an infection too young to be identified with cer- 
tainty (probably C. physae since it had elongate daughter sporocysts). 
Also, the cercaria of E. recurvatum was found twice with that of i\f. 
iirbanensis and once with the reniferid cercaria. An analysis of the 
chances of combinations of these species of cercariae occurring in double 
infections suggests that certain combinations must have been prevented 
by an immunity or antagonism. For example, there were no double 
infections of the cercaria of E. recurvatum and C. physae, although 
according to chance they should have occurred between 15 and 20 times 
in the collections from the Maple River area. Also C. physellae was 
found in only one double infection with the cercaria of E. recurvatum in 
the collections from this same area when according to chance this com- 
bination should have been found over 20 times. 

The evidence indicates that juveniles of P. parkeri are infected with 
larval trematodes at all stages of development, that infectious are carried 
over the winter in large numbers, and that adults also acquire infection 
after they pass the winter under the ice. The data on the infection of 
very young juveniles, wdiich came from the collection of July 27 from the 
Maple River area are of special interest From this collection the 
juveniles were individually measured at the same time they were exam- 
ined for larval trematodes. Immature infections of the cercaria of E. 
recurvatum were found in four snails 3 and 4 mm in length and mature 
infections in nine individuals only 5 and 6 mm long. Also a mature 
infection of C. physae w^as present in a snail 6 mm in length, an old infec- 
tion of C. physellae in one 9 mm, and a mature infection of Notocotylus 
urbanensis in one 10 mm. Other collections gave a small amount of 
similar evidence (Table 2). These findings, especially the presence in 
rather small snails of so many mature infections, which must have taken 
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a minimum of five to six weeks to develop, suggest that the miracidia 
penetrate the juveniles of this snail soon after they hatch from the eggs. 

■ It is interesting to compare the infections with the cercaria of E. re- 
curvatimi in juveniles of different sizes collected from the Maple River 
area on June 27, 1938 (Table 3). In this analysis it appears that the 


Table 3 . — Injection zvifh the cercaria of E. recurvaturn in different sic;ed jiweniles 
of P. parked collected in the Maple River area on July 27, 1938 
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smaller snails tend to have a larger proportion of negative, and the pro- 
portion of immature to mature infections became progressively less in the 
larger snails. It seems evident, therefore, that the larger juveniles were 
older and consequently had a longer period of exposure to infection. 

Evidence that infections of the juveniles are carried over the winter 
in the snails comes from the June collections of adults made in 1938 and 
1939. In 1938 the ice broke up on Douglas Lake on April 12 and in 
1939 on April 25 to 28. As noted earlier (Cort et al, 1940a) the tem- 
peratures of April and early May in this region are almost too low for 
development of larval trematodes and development would be slow until 
late in June. It seems almost certain, therefore, that at least the old and 
mature infections with larval trematodes that were found in adult snails 
in June (Table 2) had entered the previous season and had been carried 
over the winter. 

There is, in addition, evidence of susceptibility of adults of F. parkeri 
to infection with larval trematodes. For example, in a collection of 114 
adults from the Alaple River area on July 11, 1938, there were 21 imma- 
ture infections with the cercaria of E. recurvatiim, i\lso, it can be noted 
from Table 2 that in the collections of adults from all the areas there 
was a considerable number of immature infections representing all but 
one of the species of larval trematodes. In addition, there were six infec- 
tions too immature for identification. It, therefore, becomes evident that 
some adults of F. parkeri were being infected during their second season. 

Some evidence concerning the time that infections with the different 
species of larval trematodes were acquired and their course in the snail 
hosts is found in Table 2. The low incidence made it impossible to get 
any evidence on these points for the two plagiorchiid species. Of the 
larval stages of N, nrbaiwnsis also little can be .said, exce|)t that few im- 
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mature infections were found and the adult snails in general had higlier 
incidences than the juveniles, 

C. physellae. As brought out in an earlier paper (Cort et al, 1940a) 
the development period for schistosomes from the time the fully em- 
bryonated eggs are dropped into the water until the first cercariae escape 
from the infected snails would be, in the Douglas Lake region, about 5 to 
6 weeks in the warmest part of the summer. A total of 76 infections of 
C, physellae was found in adult snails collected in June and July, 1938, 
from three areas. Of these, 43 infections were listed as old, 30 as ma- 
ture, and 3 as young mature. In June the proportion of old infections 
was about 50 and in July about 60 per cent. It seems probable that all 
these old and mature infections had entered the snails the previous sea- 
son, probably both late in the summer and early in the fall. The inci- 
dence of infection with C. physellae in the juveniles of P. parkeri was 
very low as compared with that of the adults. In the Maple River area 
there were only 4 infections in almost 300 juveniles collected July 27, 1 
old, 2 mature, and 1 young mature. Even postulating the minimum pos- 
sible time of development it is evident that these infections must have 
entered the snails when they were very small. Some infection of snails 
later this same summer is indicated by the presence of 15 mature and 1 
young mature infection in the juveniles collected from this area on Sep- 
tember 3. The adult snails collected iii the early summer of 1939 in this 
area showed a greatly increased incidence of infection with C, physellae 
as compared with the juveniles of the previous summer from which they 
developed. When we consider that the season in 1939 was unusually 
late it seems almost certain that all these infections, except the five imma- 
ture ones, had entered the juveniles the previous season. In the late 
August (1938) collections of juveniles from the South Fishtail Bay area 
only one infection of C. physellae was present and in that from the North 
Fishtail Bay area there were 5 (4 mature and 1 immature). Adults col- 
lected from the North Fishtail Bay area for the next summer showed a 
great increase in the incidence of C. physellae. While most of these 
infections probably came in the previous fall, the 6 immature infections 
which were found in the June 17-20, 1939, collection may have come in 
the same season. 

Although the adult stage of C. physellae is not known, it seems almost 
certain, as indicated above, that it lives in a species of duck. These 
hosts must have been giving off the eggs of this schistosome on the 
beaches of Douglas Lake chiefly in the late summer and early fall to pro- 
duce the large number of infections that were carried over the winter. 
Some slight infectioiiof snails also occurred in the spring and first half 
of the summer as indicated by the infections found in juveniles. These 
relations and the characteristics of the life cycle of P. parkeri indicate 






136 


THE JOURNAL OF PARASITOLOGY 


that the only time of the year that the cercariae of this schistosome would 
be escaping from its snail host in sufficient numbers to produce outbreaks 
of dermatitis in man would usually be in May, June, and early July be- 
fore the swimming season got well under way. Even by the end of June 
the number of adult snails is considerably reduced by natural death and 
in a season such as 1938 a considerable proportion of the infections of 
C physellae would have exhausted their supply of cercariae. The slight 
infection found in the juveniles would not be sufficient to produce enough 
cercariae to make them a factor in the dermatitis. Also the snails of 
this species are seldom numerous on the beaches. The fact is that only 
in one area where several people contracted the dermatitis early in the 
summer have we obtained any evidence of '‘swimmer’s itch” produced by 
C. physellae. Therefore, this schistosome cercaria, as was suggested in 
an earlier paper (Cort et al, 1940b), can be almost entirely disregarded 
in relation to the problem of “swimmer’s itch” in the Douglas Lake 
region. 

C. physae. The data available in the literature (see van Haitsma, 
1930, and 1931a and b) indicate that in strigeids the time of development 
from the dropping of eggs into the water until the first cercariae escape 
from the infected snails is about 8-10 weeks under favorable tempera- 
tures, the development in the snail re€|uiring about 6 to 7 weeks. If we 
accept this time for the development of C. physae the data from our 
examinations (Table 2) suggest that infection of snails with this species 
takes place at various times during the “open” season. Immature infec- 
tions in adult snails of the June and July collections suggest that they 
become infected in the late spring or early summer. Also, the finding 
of mature infections in juveniles in the collection of July 27, 1938, from 
the Maple River area indicates that the eggs of this species were dropped 
into the water in the spring and that the snails were infected in June. 
The presence of mature, young mature, and immature infections in 
juveniles collected from all four of our areas from August 23 to Sep- 
tember 3 further shows that snails were infected during June, July, and 
perhaps early August. Mature infections in the adult snails were almost 
certainly derived from infections that were carried over the winter. It 
seems evident, therefore, that the definitive host of C. physae must visit 
the beaches and deposit the eggs in the water at various times in the 
spring, summer, and fall. The great blue heron, which was suggested 
above as a possible definitive host for C physae, frequents the beaches 
throughout the summer, so that an adult .strigeid in this host might well 
produce the kind of snail infection that was found for C. physae. 

Another very interesting point about C. physae is that the incidence 
of infection is much higher in juveniles than in adults. In the three areas 
where we have late summer records for juveniles followed by examina- 
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tions of the adults next season, the incidence of C. physae in the latter 
has been greatly reduced (see Table 2). In the late summer collections 
of juveniles most of the infections with C. physae were already mature. 
What seems to us the most reasonable explanation for the lower inci- 
dence in adult snails is that infections with this cercariae that mature in 
the juvenile snails during their first summer become old during the fall, 
and disappear sometime during the winter, very probably by the death 
of the infected snails. This view is supported by the fact that only one 
old infection of C. physae was found in an adult snail. Infections of 
strigeids when they become old almost completely destroy the digestive 
glands of the infected snails and would naturally be injurious to growing 
juveniles. Evidence was also presented in an earlier publication (Cort 
et al, 1939) that infections of the gull strigeid, Diplosfomum flexicaudum, 
cause the death of numbers of juvenile 5'. emarginata angulata, 

Cercaria of Eckinoparypkmm reciirvatum. The data on this species 
(Table 2) show’’ infection of high incidence in both juveniles and adults. 
It is improbable that the juveniles of P. parkeri 5 to 6 mm in length that 
harbored mature infections of this larval trematode on July 27, 1938, on 
the beach in the Maple River area were more than a month old. It can 
be suggested, therefore, that the development of this species in the snail 
host under unusually favorable conditions can be completed in about a 
month. 

As stated above w^e concluded that the large amount of infection in 
the snails of the Maple River area came from the muskrats. In the first 
collection of P. parkeri from this beach (July 11, 1938) sixty of the 114 
adults were infected with this echinostome species (39 mature and 21 
immature). On July 27, 36 adults were taken from the same beach. 
Tw’’enty-two of these snails were infected with the echinostome but only 
two of the infections w^ere immature. On this same date 298 juveniles, 
3 to 17 mm in length, w^ere also collected, of which 170 were infected 
w'ith the cercaria of E. recurvaftim. Seventy of these infections were 
immature. Thus large numbers of both juveniles and adults of P, 
parkeri were becoming infected with this echinostome early that season, 
although it is possible that the mature infections of the adults of the July 
11 collection had in part at least been carried over the winter. 

We noted in the examinations of the juveniles of the July 27 collec- 
tion that the digestive glands of the snails were very severely damaged 
especially by the matime infections in which almost all the tissue was 
replaced by numbers of large mediae. The juveniles were very numer- 
ous on this beach on July 27 and our collection of about' 300 snails re- 
duced the numbers only slightly especially since we covered only a part 
of the beach. When we made our collection of September 3 the number 
of juveniles was much less than on the earlier date although they were 
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still fairly numerous and we were able to collect 440 in about three hours. 
The examination of this collection showed a very great reduction of the 
incidence of the cercaria of E. reciirvatum from 57 per cent on July 27 
to 19 per cent on September 3. This very striking reduction in inci- 
dence certainly suggests that the infections with this larval trematode 
were killing large numbers of these snails and were probably a significant 
factor in reducing their numbers. Also, the fact that 83 of the 84 infec- 
tions of the cercaria of E. recurvatum found in the juveniles on Septem- 
ber 3 were mature indicates that the infection of the snails was practically 
limited to the first part of the summer although the reason for this is not 
clear. When collections of adults of P. parken were made early the fol- 
lowing summer, it 'was found that the}^ were much scarcer than they had 
been the previous summer. As suggested eai'lier in this paper, this 
reduction in numbers was probably due to a large extent to the killing 
of great numbers of the juveniles by the echinostome infections. It 
seems probable also that most of the echinostome infections in these snails 
collected in 1939 had lived over the winter since only 2 immature infec- 
tions were present. 

While many workers have called attention to the injui'y to the snail 
hosts produced by larval trematode infections only a few reports present 
definite evidence indicating that they are an important lethal factor under 
natural conditions. Johnson (1920, pp. 363-364) suggested that iiifec- 
tions with the cercaria of Echinostoma revolufum w^ere an important 
cause of the death of the snails in a heavily infected ])ond where he made 
his collections. Wesenberg-Lund (1934, pp. 183-184) has also empha- 
sized the importance of larval trematode infections in the reduction of 
snail populations. Our own data indicate ]3articularly the death of 
juvenile snails brought about by infections of larval trematodes intro- 
duced so early that they are able to run their course and grow r>kl before 
the maturity of the snail. The digestive glands of the snails are almost 
completely destroyed by old infections, especial!}' of echinostomes, schisto- 
somes, and strigeids, where the rediae and daughter spc»rocysts invade 
all the tissue. We are of the opinion that snails are unable to recover 
from such infections. They probably shorten the lives of adult snails, 
but seem to be especially important in their eifects on snail populations 
by killing large numbers of juveniles before the breeding season. 

SUMMARY , 

Investigations wex*e made during the summers of 1938 and 1939 on 
the relations of larval trematode infections to the large beach Physa, P. 
parkcri, in four areas on Douglas Lake, Michigan. The life span of this 
snail species appears to be from about 13 to 14 months. The eggs are 
laid by the adults in the late spring and early summer, probably from 
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late May to early July. The period of enibryonic development varies 
from 8 to 17 days according to the temperature and the newly hatched 
juveniles are about 1 mm in length. The juveniles grow rapidly on the 
beaches during the summer and by late August greatly overlap the adult 
size. They probably reach adult size in the fall. After passing the 
winter under the ice they are all sexually mature early the next summer. 
Soon after their breeding season, even before the end of June, they begin 
to die off rapidly and almost all are gone before the end of July. There- 
fore, collections of P. parkeri made at the end of the summer contain only 
large juveniles, while those of early June contain only sexualh^ mature 
adults. 

In the collections of both juveniles and adults of P. parkeri from the 
four study areas on Douglas Lake six species of larval trematodes were 
found, viz., a dermatitis-producing schistosome cercaria {Cercaria phy- 
sellae Talbot, 1936), an echinostonie (the cercaria of Echinoparyphium 
recurvatum (von Linstow, 1873)), a strigeid (C. physae Cort and 
Brooks, 1928), a notocotylid (the cercaria of N otocotylus urbanensis 
(Cort, 1914)), and two plagiorchiids (the cercaria of Cercorchis medius 
(Stunkard, 1914) and one belonging to the Reniferinae). Only 9 double 
infections were found involving 5 combinations of these six species of 
cercariae. It is suggested that there is some antagonism or immunity 
I'elation. that prevents combinations in double infections of the echino- 
stome with the schistosome and strigeid since each of these combinations 
would have otherwise occurred much more often. 

The finding of adult infections in rather small juveniles suggested 
that they were infected when vei*y young, probably soon after hatching. 
A large proportion of the infections found in the adult snails appears to 
have been carried over the winter, although the evidence is clear that 
some infections enter the adults early the second summer. In the case 
of the schistosome, C. phy sellae, it seems probable that most of the infec- 
tions enter the juveniles in the late summer and earty fall and are carried 
over the winter, because the incidence of the infections is much lower in 
the juveniles than in the adults. 

Infections of the strigeid, appear to enter the snails all 

through the open season on the lake, since immature infections were 
found in almost all collections, both of juveniles and adults. The great 
reduction of incidence of C. physae in the adult snails as compared with 
the juveniles suggests that infections that come to maturity in the juve- 
niles kill them in considerable numbers. 

The very high incidence of the cercaria of E. rcciirvatiwi in one area 
was attributed to the abundance of muskrats. This cercaria infected 
very young juveniles and came to maturity in numbers in those that 
were only partly grown. These infections apparently killed large num- 
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bers of the juvenile snails in this area. This and other species of larval 
trematodes, especially strigeids and schistosomes, as they grow older 
almost completely destroy the digestive glands of the infected snails. It 
seems probable, therefore, that snails never recover from such infections, 
and that wherever they mature in numbers in juveniles, they may be an 
important lethal factor which may affect adversely whole snail ])Opula“ 
tions. 
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Phenothiazine, described by Smith, Munger, and Siegler (1) in 1935, 
is one of the most eflfective, and certainly the most versatile, of the organic 
compounds developed by the U. S. Department of Agriculture. In 
addition to being a promising insecticide phenothiazine has been shown 
to be useful as a urinary antiseptic (2), and is now receiving considerable 
attention as an anthelmintic (3-7) for removal of parasites from farm 
animals, notably sheep. 

In a previous paper (8), proof of the oxidation of phenothiazine to 
thionol after oral administration of phenothiazine to rabbits, rats, and 
man was given, and the excretion of thionol, leucothionol, and pheno- 
thiazine was discussed. At that time interest was limited largely to the 
urinary excretion of phenothiazine and its oxidation products because of 
the bactericidal properties (9) conferred upon the urine. 

Recent observations have demonstrated the presence of phenothiazine, 
leucothionol, and traces of thionol in the feces, the oxidation product exist- 
ing predominantly in the leuco form because of the reducing properties of 
the intestinal contents. In view of the bactericidal properties of thionol, 
the presence of phenothiazine, thionol, and leucothionol in the intestine 
has acquired a new interest following the reports of the anthelmintic 
action (3-7) of orally administered phenothiazine. The structural 
relationship of these compounds is shown in the following formulae: 



HO 



Phenothiazine 


s/%/ 
Leucothionol 


0H4- 



-™Wv'=° 

S 

Thionol 


If the conversion of phenothiazine to thionol and leucothionol, at least 
in part, takes place in the digestive tract, the presence of these three sub- 
stances in the feces could be explained on the basis of incomplete absorp- 
tion. If absorption from the digestive tract is complete, or if oxidation 
of phenothiazine takes place only after absorption, the presence of these 


Received for publication, July 1, 1940. 

Food Research Division Contribution No. 500. 

143 



144 


THE JOURNAL OF PARASITOLOGY 


compounds in the intestinal tract indicates an excretion into the intestine 
through the biliary tract. 

EXCRETION IN RABBITS 

To obtain information on the possibility of biliaiy excretion in this 
species two rabbits were used. One rabbit, weighing 3.7 kilograms, was 
given 3 grams of phenothiazine by stomach tube, and the other, weigh- 
ing 3.S kilograms, was given 3 grams of thionol. The rabbits were 
killed about six hours later and the bile removed from the gall bladders 
by means of a hypodermic syringe. Each bile sample was treated as 
follows : After diluting it with about 100 cc of distilled water and warm- 
ing, concentrated hydrochloric acid was added until no further precipita- 
tion occurred. The sample was then filtered and extracted with ether 
in a separatory funnel. After evaporation of the ether the residue was 
dissolved in a small volume of 95 per cent alcohol, which yielded a red 
solution. The alcoholic solution was then diluted with water. Upon 
the addition of water the sample obtained from the rabbit given pheno- 
thiazine yielded a fine silky-appearing precipitate, indicative of unoxi- 
dized phenothiazine, which was removed by centrifuging. The super- 
natant dilute alcohol was now poured oif. This reddish supernatant 
fluid gave an intensification of the red color upon the addition of either 
hydrogen peroxide or sodium Inxlroxide, thus indicating that both thionol 
and leucothionol were present in the bile. The sample of bile from the 
rabbit receiving thionol gave the same results, except that there was, 
of course, no silky precipitate indicative of phenothiazine. Examination 
of control bile gave negative results. 

The positive results obtained demonstrate that the gastric administra- 
tion of phenothiazine to these rabbits resulted in the biliary excretion of 
phenothiazine, thionol, and leucothionol, and that the gastric administra- 
tion of thionol gave rise to the presence of thionol and leucothionol in 
the bile. 

EXCRETION IN DOGS 

Biliary excretion of thionol in this species was demonstrated with 
three animals. Three dogs weighing 14.8, 12.5, and 10.8 kilograms were 
given 1.75, 1.75, and 1.5 grams of phenothiazine respectively in gelatin 
capsules. Six hours later when these dogs were operated upon in the 
laboratory of experimental surgery, bile samples were obtained vith 
sterile hypodermic syringes. The bile samples were examined as out- 
lined for the experiment on rabbits. Each of the three samples of bile 
gave positive evidence for the presence of thionol, leucothionol and traces 
of phenothiazine. 

EXCRETION IN MAN 

While treating patients having urinary tract, infections with orally 
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administered phenothiazine. Dr. A. B. Stockton of the Department of 
Medicine encountered a patient with a biliary fistula. This fortuitous 
circumstance permitted the collection of a sample of bile before and after 
the administration of phenothiazine. The human bile thus obtained was 
examined as outlined for rabbits. The control sample of bile, obtained 
prior to administration of phenothiazine, gave negative tests, but the 
sample following use of the drug- gave positive evidence for the presence 
of phenothiazine, thionol and leucothionol. 

In each instance where a red dye was removed from the bile, the 
product displayed the reactions typical of thionol. It could be easily 
extracted from aqueous solution by either ether or chloroform. In 
aqueous solution it could be easily reduced to the leuco form by stannous 
chloride or sodium hydrosulfite, and reoxidized with hydrogen peroxide. 

These evidences for the biliary excretion of phenothiazine, thionol, 
and leucothionol in rabbits, dogs, and man suggest an explanation for 
the presence of the substances in the intestinal tract, over and above any 
unabsorbed phenothiazine, or thionol and leucothionol formed from 
phenothiazine in situ. 

When considered in the light of the earlier reports (2) on the bacteri- 
cidal properties of phenothiazine, it is suggested that the therapeutic 
value of orally administered phenothiazine be tested in cases of chol- 
ecystitis where bacterial infection is known or suspected of being present. 
Parasiticidal effects might be expected in the intestine, and indeed an 
anthelmintic action has been reported by parasitologists. 

ANTHELMINTIC ACTION 

Phenothiazine is remarkable in that, following gastric or oral adminis- 
tration, it is rapidly absorbed despite its low water solubility. A part 
of the phenothiazine administered is oxidized to the reversible oxidation- 
reduction system thionol-leucothionol. At present it is not known 
whether this oxidation takes place in the digestive tract or in the tissues 
following absorption of phenothiazine. ' In any event there is excreted in 
the urine (8) and in the bile phenothiazine, thionol and leucothionol. 

In the urine, at least, there is also leucothionol in some conjugated 
form from which it is liberated easily by acid hydrolysis. The exact 
manner of conjugation is not understood at present, nor is it known 
how the phenothiazine is kept in solution in bile and urine. When pre- 
cipitated from these media by the addition of hydrochloric acid, pheno- 
thiazine cannot be brought back into solution by neutralization with 
sodium hydroxide. Even if phenothiazine is completely absorbed, its 
presence together with thionol and leucothionol in the bile would explain 
the presence of all three compounds in the intestinal tract. 

The conversion of phenothiazine to thionol takes place readily in the 
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presence of air and moisture and, in the presence of appropriate reducing 
agents, variable amounts of thionol are reduced to leucothionoL If 
shaken with water to form a saturated solution, phenothiazine will, in 
the course of two or three days, be converted to thionol and confer a red 
color to the solution. Chemically, thionol is closely related to the other 
two thiazine dyes, Lauth's violet and methylene blue, and like them is 
a reversible oxidation-reduction system. This system has been studied 
potentiometrically by DeEds and Eddy (10) and found to differ from 
the other two tliiazines by being much more easily reduced. Its potential 
places it much closer to the oxygen electrode than either Laiith's violet 
or methylene blue. At pH 7 the Eo' for thionol is 0.158 volts, or about 
midway between l-naptliol-2-sulfonate-indophenoi and 2, 6-dichloi“o- 
phenol-indo-ortho-cresoL 

This ready conversion of phenothiazine to thionol and the position of 
the latter on the oxidation-reduction scale may have an important bearing 
on the mechanism of action as a bactericidal agent, insecticide, or as an 
anthelmintic. All living things have one characteristic in common, 
namely, respiratory processes, whether they be aerobic or anaerobic. The 
presence of a strongly positive oxidation-reduction system in adequate 
amount could conceivably interfere with the fundamental respiratory 
mechanisms. Thionol-leucothionol occupies a position on the oxidation- 
reduction scale much more positive than the natural oxygen carriers, 
cytochrome, pyocyanine, flavoprotein, ascorbic acid, flavine phosphate, 
and lactoflavine; and more positive than such reversible enzyme systems 
as succinic-funiaric, lactate-pyruvate, and xanthine-uric acid. 

The remainder of this paper presents the evidence obtained from 
experiments in vitro to show that thionol has a definite effect on hog 
ascaris {Ascaris limibricoides) whereas phenothiazine has no action as 
compared with an appropriate control. As stated above, the adminis- 
tration of phenothiazine leads to the biliary excretion of phenothiazine, 
thionol, and leucothionol which subsequently pass into the intestinal tract. 
Thionol is therefore present in the intestine and available for an anthel- 
mintic action if such exists. 

Hog ascaris and a sample of hog l)ile were obtained from a local 
slaughter house, taken to the laboratory as rapidly as possible, and kept 
in an incubator at 37° C until ready for use. A series of five coiiical- 
shaped urine sedimentation glasses were placed in a water bath main- 
tained at a temperature of 37°”39° C. The basic medium employed in 
each vessel was 0.9 per cent sodium chloride. The first control medium 
was prepared by adding 10 cc of chloroform to 100 cc of saline solution, 
boiling to expel the chloroform, and making up to 100 cc with distilled 
water. This was done so that the saline control would contain traces 
of chloroform, if any, comparable to the amounts remaining in the vessels 
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containing the saturated phenothiazine and thionol solutions. The sec- 
ond control medium was the same as the first, except that 5 cc of hog bile 
were added. A saturated phenothiazine solution was prepared by adding 
10 cc of a chloroform solution of phenothiazine to 100 cc of saline solu- 
tion, boiling to expel the chloroform, filtering while hot, and making up 
to 100 cc with distilled water. A saturated thionol solution was made 
in a similar manner. The fifth vessel contained a saturated thionol solu- 
tion prepared in the same way, but with the addition of 5 cc of hog bile. 
When the temperature of the 100 cc medium in each vessel reached equi- 
librium with that of the water bath, two active worms were placed in 
each vessel. This experiment was performed five times, the only vari- 
able being the amount of bile added to the fifth vessel. The periods of 
observation varied from tw^o to six hours. The results of a typical 
experiment are given in Table 1. 

The results obtained w^ere the same and surprisingly clear-cut in all 
the tests made. The worms in both controls and in the phenothiazine 
solution remained active throughout the periods of observation. The 
worms placed in the thionol solution exhibited increased activity, and 
in some instances attempted to crawl up the sides of the vessel. This 
increased activity, indicative of irritation, was followed by depression 
and complete inactivity. As the experiment progressed there was, how- 
ever, some return of activity which tended to increase as the intensity 
of color of the thionol solution decreased, a phenomenon to be discussed 
presently. The worms placed in the thionol solution to which 5 cc of 
bile had been added became depressed and inactive very early, showing 
little if any evidence of a preliminary stimulation or irritation. In other 
words, the presence of bile shortened or eliminated the first stage of 
action and facilitated development of the depressant action. However, 
the tendency to regain activity was present as in the thionol solution, but 
occurred earlier, and the disappearance of the characteristic red color of 
thionol took place sooner. 

The disappearance of color in the thionol and thionol plus bile solu- 
tions may be considered in conjunction with the observed resumption of 
activity by the worms. In the case of thionol alone, the worms became 
slightly red in color, while the medium was losing color. The loss in 
color of the medium was undoubtedly due, in part, to a taking up of 
thionol by the worms, but was due in large measure to a reduction of 
thionol to leucothionol. Proof of the existence of leucothionol in the 
medium was obtained by adding hydrogen peroxide to a few cc of the 
bleached medium and obtaining an intensification of color. As stated 
above, the worms placed in a thionol solution containing 5 cc of bile 
showed an earlier onset of depression, and an earlier return of activity, 
which coincided with a more rapid disappearance of the thionol color. 
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Since th^control containing bile had no depressant action on the worms, 
the effect of bile in the presence of tliionol must have been due to some 
factor such as the lowering of surface tension which might facilitate 
penetration of the dye into the tissues. Since bile itself causes some 
reduction of thionol to leucothionol, thereby lowering the concentration 
of effective thionol, and since the worms tend to recover their activity 
when the thionol is reduced, the reason for the more rapid recovery of 
the worms in thionol plus bile is evident. 

Since bile facilitates the depressing action of thionol, but later hastens 
the return of activity, smaller amounts of bile might preserve the syner- 
gistic effect on the depressant action, but not convert sufficient thionol 
to leucothionol to facilitate I'ecovery. Therefore additional experiments 
employing thionol plus bile were performed using 1 cc, 0.5 cc, 0.1 cc, and 
0.05 cc of bile. In the vessel containing thionol plus 0.05 cc of bile the 
worms behaved about the same as in a medium of thionol alone. The 
other concentrations definitely hastened the depressant action of thionol, 
but did not cause sufficient reduction to leucothionol to appreciably 
shorten the period of depression. In other words, in the presence of a 
given amount of thionol there was an optimum concentration of bile 
which produced depression of the worms without shortening the period 
of recovery. 

These in vitro results leave no doubt that, under the conditions of 
the experiment, thionol and not phenothiazine depresses the activity of 
hog ascaris, and that the effect may be augmented by an appropriate 
concentration of bile. The transfer of information obtained in vitro on 
one species of parasite to any explanation of anthelmintic action, in gen- 
eral, is recognized as lacking a certain validity. How^ever, it must be 
granted that in vitro experiments do permit a control of conditions, and 
an examination of factors difficult to study in the intact animal. Finally, 
much of the value of such data depends upon the interpretation. 

The evidence at hand shows that thionol, as well as leucothionol and 
phenothiazine, are present in the intestinal tract following administration 
of phenothiazine due to excretion in the bile. The depressant action of 
thionol plus bile observed in vitro was of limited duration, the time being 
determined by the time required to reduce the thionol to leucothionol. 
If conditions would permit the reoxidation of leucothionol to thionol, or if 
the concentration of thionol were maintained by the addition of a fresh 
supply the depressant action would likely persist. These theoretically more 
favorable conditions exist in the intact animal. The administration of 
phenothiazine may be repeated, and even with a single dose there tends 
to be a prolongation of action as the biliary excretion of thionol rises to a 
peak and then subsides relatively slowly. Meanwhile intestinal peristalsis 
would tend to remove the parasites before recovery is complete. The 
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evidence presented is, at least, highly suggestive that the anflielmiiitic 
action of phenothiazine is due to the thionol excreted into the intestine by 
way of the biliary tract and that bile facilitates this action. 

MECHANISM OF ACTION 

It is both desirable and fortunate that this effective anthelmintic ex- 
hibits little or no toxicity to the host. Although the argument may be 
regarded as highly speculative it is appropriate to make a suggestion as 
to the mechanism responsible for an effective toxic action toward bacteria, 
insects, and intestinal parasites, whilst mammals, dependent upon the 
hemoglobin system for oxygen transport, show few if any toxic symptoms. 
A detailed discussion of a probable mechanism would lead far afield into 
the complicated subject of biological oxidation, quite outside the scope of 
the present paper, but a suggestive hypothesis may be briefly stated. 

At a pH of 7 the potential of the hemoglobin-methemoglobin system 
is H- 0.152 volts. At the same pH the potential of the tliionol-leucothionol 
system is +0.158 volts. This slightly more positive potential of the 
thionol-leucothionol system is not likely to cause an appreciable shift of 
the hemoglobin-methemoglobin system toward methemoglobin and inter- 
fere with the oxygen transport mechanism characteristic of hemoglobiii- 
oxyhemoglobin. In other biological systems, however, where oxygen 
transport is dependent upon such natural oxygen carriers as cytochrome, 
pyocyanine, flavopi*otein, ascorbic acid, flavine phosphate, and lactoflavine, 
a different situation prevails. These systems are all much more negative 
in potential, could easily reduce thionol to leucothionol, and in turn be 
oxidized. Especially under conditions where a fresh supply of thionol 
is being supplied by oxidation of phenothiazine, as in the use of pheno- 
thiazine for anthelmintic purposes, for treatment of cystitis of bacterial 
origin, and in the slow but persistent oxidation of phenothiazine used as 
an insecticidal spray, it is conceivable that the natural oxygen carriers 
might be kept in an oxidized state, unable to function, and thus cause tlie 
depression and ultimate death of the organism. 

.SUMMARY , , 

1. Gastric or oral administration of phenothiazine has been shown in 
one man, two rabbits, and three dogs to result in the biliary excretion of 
phenothiazine, thionol, and leucothionol. 

2. In vitro phenothiazine had no demonstrable action on hog ascaris. 

3. Thionol first caused stimulation of hog ascaris, followed by depres- 
sion which persisted as long as an adequate concentration of thionol vas 
present- 

4. Bile facilitated the development of the depressant action of tln’onol 
on hog ascaris. 
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5. An hypothesis for the mechanism of thionol action has been briefly 
outlined. . 
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DIPLORCHIS SCAPHIOPh A NEW POLYSTOMATID MONO- 
GENEAN FLUKE FROM THE SPADEFOOT TOAD^ 

L. Ormand Rodgers 

Twenty of 62 spadefoot toads, Scaphiopits bombifrons Cope, collected 
near Stillwater, Oklahoma, in April and June 1940, were found to 
harbor 45 specimens of an apparently new ovoviviparous polystomatid 
fluke of the genus Diplorchis Ozaki, 1931. The parasites were found in 
the urinary bladder, 5 being' the maximum number from a single host. 
The worms obtained in April were all mature and contained fully devel- 
oped embryos. Indeed, eggs with delicate external membranes were 
deposited in lai’ge numbers in water in which the worms were collected. 
These quickly hatched, producing active, exteimally ciliated, tetraoculate 
larvae. The eyespots and moving cilia of larvae in utero could be seen 
in adults under low magnification. Some of the worms collected in June 
were small and immature ; in these the reproductive organs were only 
partially differentiated and eyespots, in various stages of disintegration, 
were still discernible. Mature flukes taken in June contained and de- 
posited fewer embryonated eggs than those of April. 

The trematode was studied both alive and preserved. Fixatives used 
were Bouin's and acetic-sublimate, the stain borax-carmine. Measure- 
ments vrere taken from preserved specimens which had not been subjected 
to pressure at the time of killing. Mechanically flattened animals, how- 
ever, were much more useful for the study of anatomical details. 

Diplorchis scaphiopi n, 

(Figs. 1-5) 

Descriptmi: Measurements (length x width, unless otherwise stated) from 14- 
17 preserved and mounted adult specimens of the April collection. Total length 
3.39 (2.15-4.35) mm. Body proper 2.45 (1.49-3.12) x 1.31 (0.78-1.78) mm. Haptor 
763 (535-959) X 943 (666-1233) p. Oral sucker 173 (140-219) x 228 (180-280) p. 
Oral aperture 95 (73-126) p wide. Pharynx 163 (112-213) x 110 (58-166) p. 
Cirrus pouch 46 .(40-52) jx wide. Ovary 209 (133-466) x 125 ( 60-286) p. Testes 
too vaguely outlined and difficult to locate in adult unflattened specimens for mea- 
surement. Macrohooks 265 (179-406) p long. Microhooks 23 (18-28.5) jx long. 
Acetabula 245 (159-326) p in diameter. 

Body proper lanceolate, somewhat pointed at anterior end. Haptor subhex- 
agonal and provided ventrally with 6 prominent acetabula, 16 microhooks, and 2 
macrohooks. Positions of vulvae represented by paired marginal prominences 
at about one-third length of body proper from front end. Integument covered 
everywhere with a pattern of minute, contiguous, polygonal areas readily visible 
only under oil immersion objective; skin also densely beset with minute short 
papillae. In subadult animals the 2 tandem pairs of black-pigmented embryonic 
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eyespots may still be seen, located dorsal to the front end of the pharynx, the front 
spots being slightly the closer together. Eyespots were not observed in larger 
specimens. Microhooks located, 1 in each acetabulum, 6 in a transverse row be- 
tween the anterior acetabula, and 4 in a row near posterior margin between the back 
suckers. Macrohooks compressed, close together, with their broad, longitudinally 
striated, bases near center of haptor and their ventrally directed points farther back. 

Oral sucker terminal, mouth ventrosubterminal. Pharynx pyriform, small 
end forward. Ceca clearly demonstrable only in living specimens. In young ani- 
mals the ceca are very broad, have forward extensions lateral to the pharynx, are 
confluent in the haptor, and are provided with numerous short lateral and longer 
medial diverticula. In older animals the latter, on opposite sides of the body, be- 
come connected by a dozen or more irregularly arranged transverse commissures, 
which in turn may themselves be connected by longitudinal anastomoses. Many of 
the parasites, when first collected, had the enteron filled with a brownish fluid pre- 
sumed to be partially digested blood. Numerous pigmented cells, clearly recognized 
only in living specimens, occur associated with (in or on) the walls of the ceca. 
These cells are circular to ellipsoidal in outline, flattened parallel to the intestinal 
wall, and rather uniformly distributed over the enteron although widely separated 
from each other. In each cell the hyaline nucleus and numerous discrete jet-black 
granules in the cytosome were clearly visible. After preservation these chro- 
matophores cease to ‘‘stand out” individually and the pigmentation soon fades. 

Paired urinary vesicles spheroidal, dorsosubmarginal between levels of pharynx 
and vulvae, with dorsal pores. In live worms the bladders were seen to pulsate 
frequently and alternately. 

Testes symmetrically paired, large and subequatorial in young specimens, rela- 
tively smaller and farther forward in older ones. \Msa efferentia extend niedio- 
subanteriad, uniting to form long sinuous forward-running vas deferens. Cirrus 
pouch located ventrosubmediad behind pharynx, armed with 8 hair-like setae. 

Ovary ovoidal, longitudinally elongate, located to one side (right or left in 
equal frequency) of median line at level between vulvae and testes. Oviduct issues 
directly posteriad from back end of ovary; it soon curves sharply ventroantero- 
mediad; next it gives off the genitointestinal canal which runs laterad ventral to 
oviduct to join ventral side of intestinal ramus ipsilateral with ovary; next it gives 
off the submedian common forward-reaching vitelline duct or vitelline reservoir; 
thence it curves abruptly posteriad and enters Mehlis’ gland. The latter, relatively 
larger and more diffuse in young than in older worms, occupies more or less com- 
pletely the interstice between ovary and testes. Uterus makes a principal posteriad 
loop, reaching to or into haptor ; descending limb slightly sinuous and largely confined 
to median plane; ascending limb, in adults, thrown into numerous transverse loops 
that extend across almost entire width of body, dorsal to descending limb. Cterus 
and cirrus pouch connect with a narrow common genital atrium which opens to 
exterior through a submedian pore ventral to pharynx. 

Vitellaria a submarginal pair of small compact bodies at level between vulvae 
and ovary. Paired vitelline ducts run posteromediad to join short submedian com- 
mon duct extending back to oviduct. Anterior end of common vitelline duct Sinne- 
times enlarged as a yolk reservoir. Vaginae extend medioposteriad from vulvae 
along medial surfaces of vitellaria to join proximal ends of paired vitelline ducts. 

■ Along length of uterus one observes eggs, surrounded by delicate membraiies, 
in all stages of development from unicellular zygote to ready-to-hatch larva. IMost 
of ascending limb is occupied by the latter to the number of 2 or 3 dozen. 

Free-szmmniing larva: Measurements from several preserved specimens. B<.)dy 
403 ( 333-446) X 174 (139-213) jx. Oral sucker 69 (51-79) x85 (67-97) ii; mouth 
32 (22-40) p wide. Pharynx 47 (34-63) X34 (28-42) p; prepharynx 26 (18-39) p 
long. Haptor 113 (100-153) x 146 (126-179) p. 

Body ellipsoidal, a little more pointed anteriorly and with haptor well defined 
but not sharply set off. Microhooks similar in shape, size and number to those of 
adult Macrohooks represented by partially developed feebly chitinized, rod-Hke 
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bodies. Large ciliated epithelial cells in undetermined number and arrangement 
more or less cover body proper and dorsal surface of haptor. Cerebral ganglia and 
interconnecting supraprepharyngeal commissure clearly observed. Two pairs of 
large heavily pigmented eyespots, the posterior ones being a little the larger, occur 
in direct tandem arrangement associated with antero- and posterodorsal surfaces of 
ganglia. In living specimens eyespots are deep-black in transmitted light, milky 
white and opalescent in reflected light 

Host: Scaphiopus hombifrons Cope, 1863. 

Habitat: Urinary bladder. 

Locality: Stillwater, Oklahoma. 

Cotype specimens : Several in toto mounts in U. S. Nat Mus. Helm. Coll. 

The genus Diplorchis Ozaki, 1931, contains three previously known 
species, namely, D. ranae Ozaki, 1931, from Rana rugosa in Japan, D. 
nigromaciilatiis Lee, 1936, from Rana nigromaculata in China, and D. 
americana Rodgers and Kiintz, 1940, from Scaphiopus coiichii in Okla- 
homa. The writer cannot offer a comparison of the new species with D, 
nigromaculatus because prolonged and repeated efforts to obtain the 
description (Lee, 1936) of the latter 'were in vain. 

Diplorchis scaphiopi differs from D, ranae in having (1) integu- 
mentary papillae; (2) the microhooks more uniform in shape and size, 
the 2 hindmost pairs forming a transverse row; (3) compact vitellaria; 
(4) 8 instead of 10 setae in the cirrus pouch; (5) ovoviviparity ; (6) a 
scaphiopodid instead of a ranid host; (7) a New World distribution. 
The new species differs from D. americana in being (1) less than half as 
large with regard to most of the principal measurements— the larva is 
also smaller, and in having (2) integumentary papillae, (3) macrohooks 
— this difference true of both adult and larva, (4) 8 instead of 6 setae in 
the cirrus pouch, and (5) the eyespots of the larva heavily pigmented. 

Diplorchis belongs to the family Polystomatidae Gamble, 1896, an 
important review of which is that of Price ( 1939) . 
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Explanation of Plate 

All figures concern Dipl orchis scaphiopi n. sp. Fig. 2 is a freehand study; 
the others were drawn with the aid of a camera Jucida with details added iree- 
handedly. 

Abbreviations 

b — excretory bladder 
c — genitointestinal canal 
g — enteron 
m — Mehlis’ gland 
o — ovary 

Fig. 1. Small haptoral hook from an adult. Scale, 12.5 p. 

Fig. 2. Unicellular glands about mouth and pharynx. The exact number of 
cells in either group was not determined. 

Fig. 3. Macrohook. Scale, 100 

Fig. 4. Free-swdmming larva, ventral view. Scale, 100 ii. 

Fig. 5. Subadult, ventral view. The uterus and enteron have not reached their 
maximum complexity. The ovary and testes are relatively larger and more pos- 
teriad than in older animals. Scale, 500 p. 


t — testis 
u — uterus 
v — vagina 
y — vitellarium 








STUDIES ON MONOGENETIC TREMATODES. IV. 
ANCHORADISCUS, A NEW DACTYLOGYRID 
GENUS FROM THE BLUEGILL AND THE 
STUMP-KNOCKER SUNFISH" 

John D. Mizelle 

The present author has been opposed to the creation of new genera of 
Tetraonchinae on the basis of characters of questionable value. In 
1938 he and Hughes reduced nine North American genera to three, 
because of character differences considered insufficient for sepai*ation. 

During the examination of rather extensive material collected from 
Florida fishes and kindly sent to the author by Dr. R. V. Bangffam (Col- 
lege of Wooster, Wooster, Ohio), a type of Tetraonchinae, one species 
of which was described by Summers (1937) as Actinocleidus triangu- 
laris ^ has been found to differ enough in the nature of the haptoral arma- 
ment to warrant generic distinction. The writer feels that the characters 
distinguishing this proposed genus are of sufficient magnitude to stand 
the test in a revision of North American Tetraonchinae which is to 
come at a later date. The present author believes that the described forms 
of Noi'th American Tetraonchinae are inadequate in number for 
presentation of a good picture of present evolutionary radiation, ex- 
pressed in morphological detail, and that until the picture has been ren- 
dered more complete, a comprehensive taxonomic revision would be 
untimely, 

Anchoradiscus n. g. 

Diagnosis: Tetraonchinae with anchor bases situated parallel to, and developed 
so as to extend through the greater portion of a frontal plane of, the discoidal hap- 
tor. Anchor shafts vestigial or wanting; anchor points (recurved) directed later- 
ally. Haptoral bars two, attached to the ventral (lateral) surfaces of the anchor 
bases and articulated with each other in midportions. Each of the fourteen hooks 
situated on the haptoral margin and differentiated into a base, a solid slender shaft, 
a sickle-shaped termination, and an opposable piece. Copulatory complex consist- 
ing of a cirrus and accessory piece; vagina sinistral. Eye spots four, posterior 
pair larger. Parasitic on the gills of fresh-water fishes. 

Type species: Anchoradiscus anchoradiscus n, sg. 

Received for publication, July 6, 1940. 

^ Contribution No. 76 from the Zoological Laboratory, Oklahoma Agricul- 
tural and Mechanical College, Stillwater. 

Grateful acknowledgment is hereby made to Dr. W. A. Summers of Tulane 
University, for loan of figures and other information concerning Anchoradiscus 
triangularis (Summers, 1937) and also to Dr. E. W. Price of the Zoological 
Division of the Bureau of Animal Industry (U. S. D. A.), for checking the validity 
of the proposed generic name, Anchoradiscus, 
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Anchoradisciis anchoradiscus n. sp. 

(Figs. A-D) 

Description: Medium-sized dactylogyrids with a smooth cuticula; cephalic 
lobes usually well defined. Length 0.692 mm (0.456-0.945 mm), greatest width 
0.187 mm (0.104-0.323 mm). Eye spots four, members of the posterior pair larger 
and closer together than those of the anterior pair. Pharynx circular or sub- 
circular in outline and may be broader than long or longer than broad; greatest 
transverse diameter 0.049 mm (0.029-0.065 mm). 

Haptor discoidal in shape and of a diameter greater than the body width ; 
greatest transverse diameter 0.313 mm (0.185-0,484 mm). Bars two, situated 
ventral to anchors, similar in shape, and with midportions bent toward, and articu- 
lated to, each other. Arms of anterior bar hollow and with well-defined articu- 
lating surfaces for attachment to anchors (Fig. B, 1). Posterior bar solid, articu- 
lations to anchors well defined (Fig. B, 5). A pair of knobs present on each bar 
at site of attachment with each other. Knobs of anterior bar apparently loosely 
attached to bar and each member of the pair with a strand of tissue reaching to 
the adjacent haptoral surface (Fig. B, 3). Proximal portion of each arm of pos- 
terior bar #ften with an accessory structure connecting it with the lateral portion 
of the haptor (Fig. B, 4). Greatest distance between arm tips of anterior bar 0.144 
mm (0.100-0.216 mm) ; greatest distance between arm tips of posterior bar 0.137 
mm (0.085-0.167 mm). Anchors thin, similar in shape, anterior pair larger: bases 
enormously developed, occupying the major portion of a frontal plane of the haptor, 
and limiting the greater portion of the haptoral outline (Fig. A, 8 and 11). Anchor 
shafts reduced in length and parts (former) of them apparently incorporated in the 
expanded anchor bases and each evident as a reinforced marginal portion of the 
base (Fig. D, 5). Separation of bases into roots barely indicated or absent in some 
specimens (Figs. A, B, D). Length of anterior anchors 0.179 mm (0.103-0.219 
mm), greatest width 0.110 mm (0.063-0.144 mm) ; length of posterior anchors 0.160 
mm (0.100-0.190 mm), greatest width 0.103 mm (0.076-0.140). Anchor wings 
well developed. Hooks similar in size and shape, fourteen in number, and situated 
around the margin of the haptor (Fig, A). Each hook consists of an oval base, 
a slender solid shaft, a sickle-shaped termination, and an opposable piece. Hook 
bases longitudinally ovate in outline and approximately the same length as the 
shaft Hook lengths 0.017-0.021 mm. 

Gonads ovoid in outline and located in rear half of body proper. Testis situ- 
ated dorsoposterior to, and larger than, the ovar 3 ^ \''agina on left body margin 
near the midportion. Copulatory complex consisting of a cirrus and accessory piece. 
Cirrus with a large base and a curved tapered terminal portion (Fig. C, 2). Acces- 
sory piece consisting of a thin expanded basal portion, which partially encloses the 
basal portion of the cirrus, and a solid recurved termination (Fig. C, 1), Cirrus 
length (distance between tip and most distal part of the base) 0.031 mm (0.024- 
0.039 mm) ; accessory piece approximately the same length as the cirrus. Mtellaria 
well developed and with arrangement as in the genus Uroclcidus iMueller, 1934. 
The nature of the gut could not be determined from fixed material 

Type hosts mid localities: Stump-knocker smifish, Eupomoiis microlophus 
(Gunther, 1859) Englewood Ditch, Englewood. Fla.; Mj^akka River, State Park, 
East Sarasota, Fla. ; Lake Okeechobee, Moore Haven, Fla. ; and Everglades Canal, 
Naples, Fla. Blucgill sunfish, Lepomis wacrochints Rafmesque, 1819, Canal, North 
Everglades, Fla. 

Site of infestation: Gills. 

Number of specimens nsed in this description : Twelve. 

Type specimens: Cotypes Nos. 36773-6 U. S. Nat. Mus., Washington, D. C. 

In 1937 Summers described Anchoradiscus triangularis from the gills 
of Lepomis symmefricus Forbes, 1883, and assigned it to the genus 
Actinocleidiis Mueller, 1937. Although specimens of this parasite were 



not available for comparison, the writer secured vseveral figures and nota- 
tions from Dr. Summers and these together with the published descrij)- 
tion have shown this form to ])e a close relative of Anclwnidisciis anchora- 
discus and should be ])laced in the newly proposed genus. 

The genera] morphology of species of Anckonidisciis is very similar 
t(.) that of ^h'fiuocleidus forms. In addition, the liaptor is discoidal and 
the bars are articulate in ])oth genera. Differences between species of 
the genera are manifest in that those of Anc horn disc us possess (1) a 
thinner haptor, (2) anchors which lie parallel to the haptoral surfaces 
(dorso ventral ) with their recurved points projecting laterally instead of 
\’entrall\' as in Actinocleidus sjjecies, (3) bars which lie \'entral to the 
anchors and attach, to the lower lateral anchor surfaces instead of being | 

located betw’een the two pairs of anchors and attaching to them between 
the roots <jf the anchor bases as in Actinocleidus formsd (4) hopks witli 
large (.u’ate bases instead of small spherical-to-ovate ones as in members 
of Actinocleidus, (5) anchor shafts which are much reduced and may be 
interpreted as wanting since the edge of the anchor base, which is in line 
with the vestigial shaft, is comparatively thick and probably includes a 
part or all of the anchor shaft, and (6) enormously developed anchor 
bases which when taken together (all four), occupy most of a frontal 
plane of the haptor. This last point presents a sharp contrast with refer- 
ence to the relatively small anchor bases in species belonging to other 
genera of North American fresh-water Tetraonchinae. 

It is very probable that the gut of A. anchoradiscus is bifurcate and 
posteriorly confluent as described for its closest relative (A, tricing ular is) 
by Summers (1937). 
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DENDRITOBILHARZIA ANATINARUM N. SP., A BLOOD 
FLUKE FROM THE MALLARD^ 


E. L. Cheatum^ 

A new blood fluke of ducks belonging to the genus Dendritobilharsia 
Skrjabin, 1920, is here described, with a discussion on the occurrence 
of blood fluke eggs and their possible pathological significance to ducks. 

Subfamily Bilharziellinae Price, 1929 

Price (1929) in his synopsis of the Schistosomatidae proposed the 
subfamily Bilharziellinae to include the gentm Bilharmella Looss, 
1899, Gigantobilharzia Odhner, 1910, TrichobilharAa and DendritobiB 
harzia Skrjabin and Zakharow, 1920. Ejsmont (1929) added the genus 
Pseudohilharziella. The diagnosis given by Price for this subfamily in- 
cludes a statement regarding character of the uterus, describing it as 
short and containing a single egg. This would exclude the species de- 
scribed here since it is long, coiled, and contains many eggs. All other 
structural characters agree with this subfamily diagnosis, and since the 
character of the uterus alone should not constitute a subfamily cliflference, 
the diagnosis is accordingly amended to read: 

Bilharziellinae Price, 1929, emend. 

Schistosomatidae. Male and female similar in form, either flattened or thread- 
like. Suckers present or absent. Gynaecophoric canal absent or imperfectly formed. 
Paired intestinal ceca short, common cecum long, with or without lateral dendritic 
branches. Testes numerous, situated along course of common cecum. Uterus may 
contain one or many eggs. 

Genus Dendritobilharzia Skrjabin, 1920 

In examining the genera of Bilharziellinae, the characters of Den- 
dritobilharzia come most nearly corresponding to the form described 
here. The differences in character of the uterus, the number of eggs con- 
tained, and larger size of the female as comi^ared to the male are not con- 
sidered of sufficient significance to warrant establishing a new genus, 
therefore the generic diagnosis is amended to read: 

Dendritobilharzia S]^r]zhm^ 1920, emend. 

Bilharziellinae. Body of both sexes elongate and flattened. Female larger or 
smaller than male. Cuticle without spines or tubercules. Suckers absent. Digestive 

Received for publication, July 20, 1940. 

^ Contribution from the Game Research Center, Bureau of Game, N. Y. S. Con- 
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system similar to that in Bilharsiella, common cecum long, zig-zag, provided with 
short, club-shaped or branched lateral ceca. Genital pore of male lateral, in anterior 
part of body. Cirrus present. Testes numerous, situated along common course of 
cecum, and extending from cecal union to end of body. Ovary spiral, between intes- 
tinal crura. Uterus may contain one or many eggs. Vitelline follicles numerous, 
along course of common cecum. 

This genus contains two species, D, pitherulenta, first described by 
Braun (1901) as Bilharsiella pulverulenta from Anas plafyrJiynchos col- 
lected from Africa, and D. loossi Skrjabin, 1924, from Pelecanns onocro- 
talus collected in the U.S.S.R. Skrjabin and Zakharow (1920) estab- 
lished the genus Dendritohilharma for a new species of blood fluke from 
Querquedula querquedula to which they gave the name D endritobUharsia 
odhneri. Later Skrjabin (1924) recognized D. odhneri as synonymous 
with Braun’s B. pidveridenta. Price (1929) synonomyzed D, odhneri 
with R. piilveridenta and recognized DendritobiUiarAa as the valid genus. 
Tims Bilharziella pulveruienta became D endritobUharsia pidveridenta 
(Braun, 1901) Skrjabin, 1924. I have been unable to find reference to 
additional species of this genus. Brackett (1940) in listing the adult 
schistosomes from hosts which also occur in Wisconsin gives Dendrito- 
bilharsia sp. from Melanita deglandi. This record was obtained by per- 
sonal communication with L. R. Peniier who apparentl}^ has not yet 
described this form. 

The description of this genus has been based on a striking paucity of 
specimens. Braun described D. puherulen fa from a single male worm. 
In his description he did not mention the presence of a cirrus although 
his figure shows structure indicating its presence. Semenov (1927) 
claims to have found the female of Braun’s puivcndcnta and described 
it from a single specimen. Skrjabin described D, loossi from a single 
female worm, the male remaining unknowm. Thus we have only one 
description of the male in this genus, that of D. pidveridcnia. There is 
a possibility that Braun overlooked the presence of the cirrus in writing 
his description, and in amending the generic diagnosis I lm\'e included 
the presence of a cirrus to conform with the s])ecics described hen.' and 
Braun’s figure of D. pnhwridenia, 

D endritobUharsia anaiinarum n. sp. 

{Figs. 1, 2) 

Two female and flve male worms have been removed from the dorsal aortae of 
two mallard ducks, Anas plaiyrhynchos platyrhynchos Linnaeus. These l.)irds were 
hatched and reared at the Game Research Center of the New York State Bureau of 
Game, located near Delmar, N. Y. 

Mate. Body similar in shape to female but smaller, 6.2 mm long by 0.6(>"-0,75 
mm wide; esophagus 0.427 mm long, intestinal crura united posteriorly 1.08 mm from 
esophageal bifurcation; testes from 120-lvlO in number, extending from union of 
intestinal crura to posterior end of body; vesicula seminalis elongate, arranged roughly 
in a V-shape, about 0.26 mm long, median between intestinal crura; genital pore 
dextral, 1.20 mm from anterior end of body; cirrus well developed, distal end bulbous. 
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Female. Body flattened, elongate, 8.0 mm long by 0.89--1.01 mm wide; suckers 
absent ; oral opening sub-terminal, esophagus 0.621 mm long, intestinal crura united 
posteriorly 1.55 mm from esophageal bifurcation, common cecum with lateral den- 
dritic branches, proceeding in zig-zag course to posterior end of body; ovary long, 
tubular, arranged in close compact loops, between intestinal crura, length and width 
of mass about equal, 0.525 mm ; receptaculum seminis immediately posterior to ovary 
and median, 0.078 mm by 0.272 mm ; uterus in close compact loops filling anterior half 
of space between intestinal crura, then proceeding anteriorly in irregular course, 
right of esophagus to median genital pore, 0.350 mm from anterior end of body; 
unpaired vitelline duct proceeding anteriorly left of ovary to ootype at level of an- 
terior end of ovary, vitellaria filling body along course of common cecum ; eggs .nu- 
merous, spherical, 0.060-0.065 mm diameter, with thin, elastic, transparent shells with- 
out spines, and undeveloped when deposited (Fig. 3). 

Host: Anas platyrhynchos. 

Location: Dorsal aorta. 

Loca/zVy: Delmar, New York. 

Type: U. S. N. M. Helm. Coll. No. 39895. 

The species D. anatinarum differs from the 2 other described species 
in the following main characters: 1. Uterus long, contains many eggs. 
The other species haye short uteri with single eggs. 2. The female is 
larger than the male, whereas in the other species where both sexes are 
known the male is the larger. 

DISTRIBUTION AND PATHOLOGY 

During the past winter (1939-40) numerous ducks have been re- 
ceived at the Laboratory of Wildlife Pathology for autopsy. Many of 
these were found sick or dead on the State Game Farms or in the wild. 
Malnutrition as a result of hard winter conditions was at first suspected. 
Empty stomachs, emaciation, atrophic livers, blood-stained serous exu- 
date in the bod}^ cavity, and enteritis were the usual findings. These 
were not with the exception of enteritis, incompatible with the general 
picture of malnutrition. Scrapings from intestinal linings revealed the 
presence of numerous spindle-shaped eggs (Fig. 4) in the mucosa and 
sub-mucosa. Pieces of liver and kidney pressed between two slides 
revealed more of the same type of eggs. Later blood flukes were found 
in the dorsal aorta of a mallard dying from a severe enteritis involving 
the lower intestine. Scrapings from the inflamed mucosa showed numei*- 
ous spindle-eggs and great numbers of sphei'ical eggs as were found 
being deposited by the worm described here. 

Following the association between duck mortalities and the presence 
of blood fluke eggs, all ducks coming to the laboratory were checked for 
the presence of blood flukes. Microscopic examination of scrapings from 
the rectal and cecal mucosae for the presence of eggs was relied upon 
for the incidence of flukes. Table 1 shows this incidence. 

It will be noted that the incidence of blood flukes is much higher in 
the black ducks reared on Game Farms than in those collected from the 
wild. This is to be expected since the constant use of game farm ponds 
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ovei* a period of years and contiiiuotis habitation throiighoiit the seasons 
would tend to concentrate the incidence of infection in the intermediate 
snail hosts. I haven't sufficient mallards from the wild to make similar 
comparison but the high incidence of blood flukes in the game farm 
birds is comparable to that of the black ducks. Incidence in the seven 
other species comes from birds found dead or so weak they were unable 
to escape capture. This selective collecting may preclude fair judgment 
on the actual incidence in' the wild, therefore the high incidence among 
the canvas-back ducks may be misleading. 


Table V ' 



Species 

No. exam. 

Eggs p,re.s. 

Game Farm 

Alias p. platprliyiichos 

23 

18 (2) 

Wild 

“ “ 

1 

. 1 , 

Game Farm 

Anas ruhripes 

9 

7 (1) 

Wild 

25 

4 

“ 

Spatula clppeata 

2 

1 

“ .............. 

Bafila acuta 

1 

1 

“ 

Nettion earoUnense 

1 1 i 

1 

“ 

Tsyroea collaris 

1 1 

1 

“ 

“ valishicria 

^ 6 : 

5 (11 

“ .... 

“ marila 

' 1 i 

1 

“ 

Gin uelonetta clangula 

2 i 

1 


Total.s 

72 

41 CH 


* Data taken from specimens from Jan. IS to June 10, 1940. 

All of tlie forty-one (41) positive cases slioweci spindle egss, and in four (4) instances, 
indicated in parentheses, the spherical type was also present. 


The life histories of these blood flukes are being investigated at the 
Game Research Center preliminary to the problem of determining their 
pathological significance to ducks. There is good evidence at present 
that the eggs of D. tz/mrii/an/m when working through the intestinal 
mucosa in large numbers cause hyperemia, petechial hemorrhages and 
may result in necrotic degeneration of the epithelium, sub-mucosa and 
circular muscle layer. This necrosis may result from bacterial invasion 
of the lesions caused by the fluke eggs. Experiments are planned to 
determine more accurately the role of blood flukes in producing this 
enteritis. 

SUMMARY 

A blood fluke, Dendritobilharma anatiHarum n. sp. is described from 
the common mallard, Anas platyrhynchos Linnaeus, with a modification 
of the subfamily diagnosis of BilharzhiLLInae and a modification of 
the generic diagnosis for Dendritobilharma. A table on the incidence of 
blood fluke eggs in nine species of ducks, induding both the diving and 
surface-feeding groups, is given along with remarks on the lesions asso- 
ciated with their occurrence. 
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Explanation of Plate, p. 170 

Fig. 1. Dendritohilharma mia/man/w, adult male, ventral aspect: vs, vesicula 
seminalis; c, cirrus; t, testes. 

Fig. 2. Adult female, ventral aspect: gp, genital pore; o, ovary; vd, vitelline 
duct; rs, receptaculum seminis ; v, vitellaria. 

Fig. 3. Egg when deposited. Spherical type. 

Fig. 4. Unidentified egg of spindle type with well developed miracidium. 
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GRYPORHYNCHUS TETRORCHIS, A NEW DILEPIDID CES-- 
TODE FROM THE GREAT BLUE HERON^ 




William C. Hill 

A great blue heron, Ardea herodias herodias Linnaeus, collected near 
Cromwell, Oklahoma, during the summer of 1938 was found to harbor 
several specimens of an apparently new tapeworm described herein as 
Gryporhynchiis tetr orchis. 

The worms were fixed in hot Bouin’s fluid and stained with borax 
carmine. All studies and measurements were made on mounted specL 
mens. 

Gryporhynchus tetrorchis n. sp. 

(Figs. 1-4) 

Description: Largest strobila having a scolex, 15.8 mm long, with 240 pro- 
glottids — none of them gravid. Largest headless fragment, 22 mm long, with 195' 
segments — some, of them partially gravid. Strobila slender, subcylindric, with 
moderately serrate margins. Progiottids all wider than long ; the mature ones trape- 
zoidal, about 130 p- long, 220 p wide anteriorly and 273 p posteriorly ; gravid segments 
similar in shape to, and scarcely larger than, mature ones. Genital primordia first 
discernible at about 200 p, in segment No. 38, and mature at 10.6 mm, in No. 218, 
from front end. 

Scolex 200-253 p long by 213-286 p wide. Rostellum comprises a distinctly 
outlined somewhat hyaline, medulla (83-93 x 71-78 p) and a less well defined, ap- 
parently muscular, cortex ( 104-150 X 75-98 p) ; armed with 20 hooks in two rows. 
Front hooks 60-72 p long, 30-36 p from tip of handle to tip of guard, 36-41 p from 
tip of guard to tip of blade; corresponding measurements of back hooks — ^35-42, 18- 
21, 21-23, p. Neck very short. 

Dorsal and ventral excretory canals approximately equal in size. Relationship 
of genital ducts to excretory vessels not observed. Genital pores unilateral, sinistral, 
prc-equatorial, and small as compared with the atria. Genital atrium in a mature 
segment, 50 p deep and 38 p in longitudinal diameter (exclusive of special pouches 
mentioned below) ; provided with 4 very prominent claw-like genital spines about 21 p 
long, located 2 in each of 2 special pouches situated one in front of, and one behind, the 
vaginal pore. 

Testes, 4 in number (no variation in number observed), spheroidal, 45-68 p in 
diameter when mature, grouped in central portion of segment posterodorsal to female 
organs; still recognizable in gravid progiottids, arranged in a transverse row along 
posterior side. Cirrus pouch, 75x45 p, ellipsoidal, extends medio subanteriad to near 
middle of segment, contains cirrus in distal, and a loop of vas deferens in proximal, 
portions. Cirrus narrowly ellipsoidal, 41 x 18 p, armed with numerous fine, porally 
directed, hair-like spines. Vas deferens loosely coiled anteroventrally in median 
portion of segment. Vasa efferentia not observed. 

Mature ovary 112 p in maximum diameter, transversely elongate, bilobate — ^the 
right and left lobes being connected by a slender elongate isthmus ; dextral lobe 
usually further subdivided into anterior and posterior lobules. Vitellarium broadly 
ellipsoidal, transversely elongate, behind ovary near center of proglottid, about 37 p 
in transverse diameter. Mehlis’ gland situated dor sally between vitellarium and left 
lobe of ovary. Uterus at first a small indistinct sac; later it becomes roughly U- 

Received for publication, August 12, 1940. 
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shaped, the limbs being directed backward and variously marked by constrictions. 
Proximal portion of vagina thick walled and dilated near the atrium, located immedi- 
ately dorsal to cirrus pouch ; distal end of vagina expanded as a thin-walled spheroidal 
seminal receptacle about 23 in diameter. 

Host: Ardea herodias herodias Linnaeus, 1758. 

Habitat: Small intestine. 

Locality: Cromwell, Oklahoma. 

Cotype specimens: In toto mounts of two entire strobilae and numerous frag- 
ments in U. S. Nat. Mus. Helm. Coll. 

The genus Gryporhynchus von Nordmaiin, 1832, now contains 4 
known species — (1) G. p u sillus yoi\ Nordmann, 1832 (synonym, Taenia 
macropeos Nltdl, 1855); (2) G, cheilancristroL^ (Wedl, 1855) Ran- 
som, 1909; (3) G. macrorostrattis (Fuhrmann, 1907) Ransom, 1909; 
and (4) G. tetrorchis n. sp. G, macrorostratus was taken from a pas- 
seriform host, the others from Ciconiiformes. The new species is ap- 
parently the first to be reported from the western hemisphere. Used in 
this study were the compilatory descriptions of Joyeux and Baer (1936) 
of all 3 of the old species, the original account of Fuhrmann's species, and 
a description by Meggitt (1931) of worms identified reservedly as ^'G, 
macropeos (Wedl, 1856).'’ 

The new species differs from all the others in having fewer testes, a 
relatively shorter cirrus pouch, a new world distribution, and, apparently, 
in the U-shape of the gravid uterus. Further, G, tetrorchis is considei**- 
ably larger than considerably smaller than G. cheUancristro- 

tuSj and unlike G. macrorostratus in having 4 instead of 2 genital spines 
in the atrium. According to diagnoses of Gryporhynchtis by Ransom 
(1909) and Meggitt (1924) the testes are 6-8 in number; Meggitt 
(1931), however, found 5 in his above-mentioned specimens of “67. 
macropeosT 
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Explanation of Plate, p. 174 

All figures concern Gryporhynchivs tetrorchis n. sp. and all were drawn with the 
aid of a camera lucida, minor details added free-handedly. 

Abbreviations 

m — Mehlis’ gland 
o — ovary 

r — seminal receptacle 
t— testes 
u — uterus 
V — vitellarium 

Fig. 1. Partially gravid proglottid. Note hair-like spines in cirrus and U-shape 
of uterus. Scale = 200 p. 

Fig. 2. Scolex with rostellum everted. Scale = 100 p. 

Fig. 3. Rostellar hooks, front and rear. Scale =5011. 

Fig. 4. Mature proglottid, ventral view, somewhat diagrammatic. Scale = 100 p.. 
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HELMINTHS OF MUSKRATS IN SOUTHEAST TEXAS 


Asa C. Chandler 

The Biological Laboratory, Rice Institute, Houston, Texas 

In connection with an ecological study of native fur animals in South- 
east Texas conducted by Mr. Dan W. Lay, Regional Game Manager, 
Texas State Game, Fish and Oyster Commission, 36 muskrat carcasses 
were made available for parasitological examination. Sixteen of the 
animals were collected from Big Hill Bayou, near Port Arthur in Jeffer- 
son Co., and 20 were collected a few miles northeast of High Island in 
Chambers Co. 

As will be seen from the accompanying table there were some striking 
differences in the parasite fauna of the rats from these two localities. 
Mr. Lay states that both localities are meadow-like marshes similar in 
general appearance, and have about equal muskrat populations. In the 
Jefferson Co. locality, however, the water is only slightly brackish, fresh 
enough for rice cultivation and to support a good growth of Cabomba 
caroliniana, whereas in the Chambers Co. locality the water is tidal and 
brackish as indicated by the presence of Riippia maritima. The absence 
of the filarial worm, Litomosoides carinii, from the Chambers Co. musk- 
rats may possibly be due to failure of the unknown intermediate host to 
breed in brackish water. The presence of Niidacotyle novicia in the 
brackish water area and not in the area with fresher water, however, 
probably cannot be accounted for in a similar manner, since this fluke 
has hitherto been reported from an inland locality. 

The helminths of muskrats were first extensively studied by Barker 
(1915) in Nebraska. Since then one or a few specimens of this host 
have been examined in various parts of this country and in Europe, and 
a considerable number of new species of helminths added. The locali- 
ties represented include the Great Lakes area (Barker, 1916; Price, 
1931; Ameel, 1932 ; Olivier, 1938 ; Diknians, 1935 ; Olsen, 1939), Mary- 
land (Price, 1931 ; Smith, 1938), Great Britain (Warwick, 1936), and 
Russia (Schulz et al, 1933). 

The parasitic fauna of the Texas muskrats is notably different from 
that recorded in any of these localities. Only two of the 22 species of 
flukes hitherto recoi'ded from muskrats, and one new species, were 
found, namely: EchinocJmsmMs sc hwart si, recorded once, from 

Maryland, by Price, 1931; Niidacotyle novicia, hitherto recorded once, 
from Minnesota, by Barker, 1916; and Phagicola lagenifonnis n. sp. Of 
these Echinochasmiis sclnmrtd was the commonest helminth, both from 
the standpoint of incidence and of numbers, in hosts from both localities. 

Received for publication, August 19, 1940. 
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Table 1.— Helminth parasites of muskrats in southeast Texas 


Parasites 

Jefferson Co. 

16 rats examined 

Chambers Co. 

20 rats examined 


No. 

% 

No. 

% 

Trematodes 





mchinochasmits schivartsi 

11 

69 

10 

50 

Phagicola lageniformis 

0 . 

0 

1 

5 

Nudacotyle novicia 

0 

0 

6 

33 

Nematodes 





i^trongi/loides ratti var. ondatrae 

0 

0 

1 

5 

Longistriata dalrymplei f 

0 

0 

1 

5 

Rictularia ondatrae 

1 

6 

2 

10 

Litomosoides carinii 

4 

25 

0 

0 

Cestodes 

0 

0 

0 1 

0 


Nudacotyle novicia occurred in 6 of 20 rats collected in Chambers Co., 
and in considerable tiumbers, but was entirely absent from the 16 rats 
collected in Jefferson Co. Pliagicola lageniformis n. sp. was found in 
moderate numbers only in one rat, from Chambers Co. 

Four species of nematodes were collected, of which three are defi- 
nitely new from this host. One, Rictidaria ondatrae ii. sp., was found in 
three of the 36 rats examined, and was represented in both localities. 
Strongyloides ratti var. ondatrae n. var. was found in a single rat from 
Chambers Co., in small numbers. In the same rat were found two 
female specimens of a heligmosome which could not be positively iden- 
tified ill the absence of males, but which is pvohdhly Longistriata dal- 
rymplei Dikmans, 1935. In 4 of the 16 rats from Jefferson Co., but in 
none from Chambers Co., were found adults and microfilariae of LUo- 
mosoldes carinii (Travassos, 1919), a species common in cotton rats, 
Sigmodon hispidns, in Texas and Mexico. No tapeworms, either larvae 
or adults, were encountered. 

Descriptions of the new species and variety follow. 

Phagicola lageniformis n. sp. 

(Figs. 1-2) 

Very small flask-shaped flukes; posterior portion almost spherical, preacetabular 
portion drawn out into a slender neck about as long, or longer, than the posterior 
portion. Length 0.45 to 0.63 mm; maximum diameter of posterior portion 0.23 to 
0.26 mm ; diameter of neck at narrowest point only 45 to 65 p,. Dorsal lip well de- 
veloped, rounded. Oral sucker 45 to 55 p in diameter, surrounded by a crown of 18 
spines, 16 of them in a single circle, two situated more posteriorly on dorsal side ; 
spines 18 to 20 p long, all approximately equal in size. Oral diverticulum broad at 
base, tapering to a narrow and usually twisted end; length 90 to 140 p, in most 
specimens reaching only from half to two-thirds distance from oral sucker to pharynx. 
Pharynx 30 to 33 p wide and 33 to 38 p long, its anterior rim situated 120 to 220 p 
from anterior end, depending upon degree of contraction; esophagus very short; ceca 
wide, not traceable behind level of acetabulum, where they probably end. Ace- 
tabulum 40 to 50p in diameter, not obviously sunk in genital sinus, situated at or 
slightly behind middle of body length. 

Testes situated at or near posterior end of body, usually transversely elongated, 
varying from 60 by 70 p to 35 by 90 p. Ovary slightly smaller than testes, situated 
in front of right testis. Seminal receptacle very large, median, in front of testes and at 
left of ovary, Vitellaria consist of two groups of usually 7 follicles each, situated at 
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Fig. 1. 
Fig. 2. 



Phagicola lageniformis n. sp. Ventral view. 

Phagicola lageniformis n. sp. Cephalic crown of spines. 


sides of posterior part of body, partly overlying the testes and extending forward to 
the level of the Qvary. All available space between posteriorly situated reproductive 
organs and acetabulum occupied by irregular coils of the uterus filled with eggs. 
Eggs 20 to 21 by 10 to 12 p. 

Host: Muskrat. 

Habitat: Intestine. 

Locality: Southeast Texas. 

Type specimen: Deposited U. S. N. M., Helm. Coll. 

This species resembles P, nana (Ransom, 1920) and P. angrensis 
(Travassos, 1916) in the number and arrangement of the oral spines, 
but differs from nana in shape of body, size of oral diverticulum, and 
size of spines, and from angrensis in shape of body and in length of the 
prepharyngeal region, which in angrensis is very short, resulting in the 
oral diverticulum reaching beyond the pharnyx in that species. 

RicHilaria ondatrae n. sp. 

(Figs. 3-4) 

Females large coarse worms, males relatively very small. Mouth terminal, but 
with a liplike projection of the ventral wall; buccal capsule heavily chitinized with 
three sharp teeth, jagged in some specimens, at the bottom, and a ring of about 18 
denticles on its rim. Two pairs of papillae on the ventral side, one pair on dorsal 
side. Anterior end of first comb at level of bottom of capsule. 

Females up to 28 or 30 mm long, with a maximum diameter, behind middle of 
body, of 850 to 900 Mouth cavity about 60 jx across at anterior end, widening out 
to about 90 J.I at bottom ; about 85 p, deep. Diameter of head where cuticle bulges 
behind mouth capsule about 240 p. Combs 24 or 25 to end of esophagus, 32 to vulva ; 
total number of combs and spines 73 to 75. Combs in esophageal region contiguous, 
the backward-projecting spines very small, the pointed anterior ends of the bases 
much more conspicuous; cuticular processes in vulvar region transitional between 
combs and spines; projecting part of largest spines, about 1 mm behind vulva, 50 > 
long, from here gradually decreasing in size and becoming spaced farther and farther 
apart, the last spines extremely small, over 1 mm apart, and ending about 2.5 to 3 mm 
from end of tail. Esophagus 3.2 to 3.5 mm long. Vulva 0.5 to 1 mm behind end of 
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Fig. 3. Rictiilana ondatrae n, Head of male. 

Fig. 4. Rictularia ondatrae n. Caudal end of male. 

esophagus. Vagina turns posteriad, and bifurcates about 300 to 400 behind vulva. 
Tail conical, rounded at tip, 500 to 630 p long. Eggs 50 to 52 by 37 to 38 p. 

Males 6 to 7 mm long, with maximum diameter of about 420 f.i. Esophagus 
1.5 mm long. Mouth cavity 32 p across at opening, 50f.i across at bottom, 40 p 
deep. Combs contiguous for about one-third of body length, then becoming more 
and more widely spaced, but only about 200 p apart, point to point, even at posterior 
end of body, and not decreasing in size very much. Last spines about 350 p anterior 
to anus. Total number of combs and spines 52. Anus about 150 p from tip of tail. 
Spicules nearly equal, one 110 p long, the other about 98 p; gubernaculuni 20 p long. 
A large median papilla just anterior to cloaca; no preanal papillae seen; four pairs of 
postanal papillae about equally spaced, last one about midway between cloaca and tip 
of tail. One fanlike expansion of the cuticle on midventral Hue, beginning 90 to 100 p 
anterior to cloaca, 90 p long and 30 p broad. 

Host: Muskrat. 

Habitat: Intestine. 

Locality: Southeast Texas, 

Type specimen: Deposited U. S. N. M., Helm. Coll 

As noted by Hall (1913) the species of Rictularia fall into two ^vel^ 
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defined groups: (1) those from carnivores, the females of which have 
over 100 pairs of combs and spines, of which the majority are combs, 
and in which there is no well-defined transition from combs to spines in 
the region of the vulva, and (2) those from rodents, insectivores and 
bats, in the females of which there are less than 100 combs and spines, 
and a fairly sharp transition from one to the other in the region of the 
vulva. In many species the male is unknown, and this is true of two 
of the five previously known forms from North America (R. scalopis 
and R. onychoinis) . Fortunately there are good characters for separat- 
ing the females, and Cuckler (1939) devised a key based on this sex 
alone, though he omitted R, halli Sandground, 1935. R. oudafrae differs 
from all the other North American forms of the rodent-insectivore-bat 
group in having a total of over 70 combs and spines, and 32 prevulvar 
combs. It differs widely from the forms in which males are known in 
the size of the spicules, and in the number of ventral fans anterior to the 
cloaca. Other differential characters are shown in the accompanying 
table. The present species comes nearest to R. scalopis Goodrich, 1932, 
but is smaller, has a much less prominent ventral lip in front of the oral 
capsule, has the first comb more anterior in position, has the vulva nearer 
to the end of the esophagus, and has a larger number of prevulvar combs. 
The total number of combs and spines in R. scalopis is not given, and the 
male is unknown. 

Sfrongyloides ratti var. ondatrae n. var. 

Only a few specimens of this parasite were found. It resembles S’, ratii in most 
respects but is longer and much more slender than the typical form as described by 
Sandground (1925). The variety from the muskrat is 4 mm long with a diameter of 
only 33 1/120 of the length, whereas the size of typical .S', raifi as given by Sand- 

ground is 1.85 to 3.03 mm with a diameter of 40 p, 1/60 of the length. In ondatrae 
the anus is 55 to 60 p from the posterior end, and the vulva divides the body 2.5 : 1 .5. 
The esophagus is 1 mm long, and the eggs measure 45 by 25 u. 

Host: Muskrat. 

Flabiiat: Intestine. 

Locality: Southeast Texas, 

SUMMARY 

Thirty-six muskrats collected in southeast Texas yielded 3 species of 
trematodes, four of nematodes, and no cestodes. One trematode, Phagi- 
cola lagenijormis, is new; of the nematodes, Ricfularia oudafrae is new; 
Strongyloides rafti var. ondatrae is a new variety; and Liiomosoides 
carinii is a new host record. 

Bibliography 

Ameel, D. J. 1932 The muskrat, a new host for Paragonimu.s. Science, 75 : 382. 
Barker, F. D. 1915 Parasites of the American muskrat (Fiber Hbcilucns). J. 
Parasitol. 1 : 184-197. 

1916 A new monostome trematode parasitic in the niu.skrat. with a key 

to the parasites of the American muskrat. Tr. Am. Micr. Soc. 35 : 175-184. 




CHANDLER-HELMINTHS OF MUSKRATS IN TEXAS 181 


CucKLER, A. C. 1939 Rictularia onychomis n. sp. (Nematoda, Thelaziidae) from 
the grasshopper mouse, Onychomys leucogaster (Weld). J. ParasitoL 25 : 
431-435. 

Dikmans, G. 1935 New nematodes of the genus Longistriata in rodents. J. Wash. 
Acad. Sc. 25 : 72-81. 

Goodrich, A. L. 1932. Rictularia scalopis, sp. nov., a nematode from the mole, 
Scalops aquaticus (Linn.). Tr. Am. Micr. Soc. 51: 216-218. 

Hall, M. C. 1913 A new nematode, Rictularia splendida, from the coyote with 
notes on other coyote parasites. Proc. U. S. Nat. Mus. 64 : 73-84. 

1916 Nematode parasites of mammals of the Orders Rodentia, Lago- 

morpha, and Hyracoidea. Proc. U. S. Nat. Mus. 50 : 1-258. 

Olivier, L. 1938 A new trematode, Allassogonoporus marginalis, from the musk- 
rat. J. ParasitoL 24 : 155-160. 

Olsen, O. W. 1939. Schizotaeniasis in muskrats. J. ParasitoL 25 : 279. 

Price, E. W. 1931 Four new species of trematode worms from the muskrat, 
Ondatra sibethica, with a key to the trematode parasites of the muskrat. 
Proc. U. S. Nat. Mus. 79 (Art. 4) : 1-13. 

Ransom, B, H. 1920 Synopsis of the trematode family Heterophyidae, with de- 
scriptions of a new genus and five new species. Proc. U. S. Nat. Mus. 57 : 
527-573. 

Sandground, j. H. 1925 Speciation and specificity in the nematode genus Strongy- 
loides. J. ParasitoL 12 : 59-80. 

1935 Spirura michiganensis n. sp. and Rictularia halli n. sp., two new 

parasitic nematodes from Eufamias striafus lysteri (Richardson). Tr. Am. 
Micr. Soc. 54: 155-166. 

Schulz, R. E., Orlow, J. W. and Kutass, A. J. 1933 Zur Systematik der Sub- 
familie Syiithetocaulinae Skrj., 1932, nebst Beschreibung einiger neuer 
Gattungen und Arten. Zool. Anz. 102 : 303-310. 

Smith, F. R. 1938 Muskrat investigations in Dorchester Co., Maryland, 1930- 
1934. U. S. Dept. Agric., (iirc. 474 : 1-24. 

Travassos, L. 1930 Revisao do Genero Ascocotyle Looss, 1899. Mem. Inst. 
Oswaldo Cruz 23 : 61-97. 

Warwick, T. 1936 Parasites of the muskrat {Ondatra sibethica L.) in the 
British Isles. Parasitology 28 : 395-401. 




RESEARCH NOTES 


L 


TWO NEW TREMATODES FROM THE BONITO, SARDA SARDA, 
IN THE GULF OF MEXICO 


A specimen of bonito, Sarda sarda, taken off the Texas coast near Freeport, 
yielded two new species of trematodes, one a gasterostome of the genus Rhipido- 
cotyle^ the other a hemiurid of the genus Sterrhuriis. Descriptions of them follow ; 


Rhipidoj:otyle angusticolle n. sp. 
(Figs. 1-3) 


Body elongate, broadest at about level of ovary; anterior portion constricted to 
a narrow neck just behind sucker. Anterior end of very peculiar shape with two 
hornlike projections on each side dorsally, a pair of lobes overhanging the sucker 
ventrally, and the sucker itself projecting ventrally and posteriorly like a chin. 
Length 1.2 to 1.4 mm; maximum diameter 300 to 420 f,i; diameter of neck about 
65 p, its depth only about 30 lu; diameter across dorsal horns about 170 p; length 
of sucker about 110 p. Pharynx about 60|[t in diameter; intestinal sac about 190 p 
long and 135 p wide, situated behind middle of body. Ovary at level of posterior 
portion of intestinal sac, at right, about 65 to 70 p in diameter; testes one behind 
the other, posterior to the ovary, about 120 to 130 p in diameter. Cirrus sac about 
400 p long; copulatory bursa about 125 p in diameter. Vitellaria in two clusters 
of about 15 follicles each, the follicles about 40 p in diameter, situated at level of 
anterior part of intestinal sac and anterior to it; vitelline ducts unite at level of 
junction of two testes. Uterus occupies available space behind intestinal sac and 
to left of testes ; eggs about 21 to 22 p long and 14 to 16 p broad. 

This species differs from all of the nine members of the genus hitherto described 
from marine fishes (see Eckmann, 1932; Chandler, 1935; Manter, 1940) by the 
very slender neck, deeply indented ventrally behind the anterior sucker, the pos- 
terior edge of which projects chinlike, and in the peculiar shape of the cephalic 
hood, with its prominent horns projecting dorso-laterally , 


Sterrhurus te.vamis n. sp. 
(Figs, 4-6) 


Body elongate, cylindrical for most of its length, but bulging markedly at level 
of ventral sucker, and tapering anterior to it; retractile appendage only about 1/7 
of body length. Length 3.25 to 3.6 ram; breadth behind ventral sucker about 0.5 
mm, depth about 0.4 mm. Retractile appendage rounded, about 0.5 mm long. Oral 
sucker 150 to 180 p in diameter ; ventral sucker very large, over three times as 
broad as oral sucker measuring 550 p in breadth, 400 to 500 p antero-posteriorly, and 
about 380 p dorso- ventrally. Distance betw^een suckers 350 p or less. Pharynx 
about 70 p in diameter ; no prepharynx. Intestinal ceca extend almost to retractile 
appendage. Genital opening nearly median, close behind oral sucker. Sinus sac 
about 150 p long and 110 p broad; at its inner end a spherical prostatic vesicle, just 
in front of which the metraterm enters to form a distended hermaphroditic duct. 
Outside sinus sac vas deferens at first narrow, with prostate glands spreading wing- 
like on either side of it, then forming a large trilobed seminal vesicle, 280 p long 
with a maximum breadth of 145 p. Testes round or oval, situated slightly oblique, 
about 2/5 body length from anterior end, . separated by a loop of the uterus; size 
from 100x130 to 130 x 200 p. Ovary and yolk glands closely associated, widely 
separated from testes; ovary about 150 p in diameter; vitelline glands, each with 
three or four lobes, situated on right side of body. Uterus in more or less hori- 
zontal loops behind ventral sucker, the loops extending some distance behind the 
vitelline glands; eggs about 18 by 11 to 12 p. 

A considerable number of species of Stcrrimrus have been described from 
marine fishes by Looss, Tdnton, Nicoll, Manter, Stunkard and Nigrelli, Park, and 
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Figs. 1 to 3: Rhipidocofyle angtisticolle n. sp. 1, ventral view; 2, lateral view 
of anterior end; 3, ventral view of anterior end. 

Figs. 4 to 6: Sterrhnrus texamis n. sp. 4, ventral view; 5, anterior end; 6, 
vitelline glands : upper, one gland in ventral view ; lower, complex of two glands and 
ovary seen from right side. 

Yamaguti, and there is considerable doubt as to whether all of them are valid 
species. Looss’s (1907) type species, nniscitlus/'hi<mttfs {1934) floruiensis, and 
the forms assigned by Linton in 1910 to his monticelUi (1898) are quite possibly 
identical, as Stimkard and Nigrelli (1934) pointed out. The species here described 
is a larger and much more slender form than these, with the ventral sucker much 
larger relative to the width, with a very short “tail,” and with the ovary and 
vitelline gland complex situated far behind the testes, which are almost tairdem in 
position and at some distance behind the ventral sucker. These characters, to- 
gether with the blunt lobing of the vitellaria, the large tripartite seminal vesicle, 
and the characters of the sinus sac, distinguish this form from all members 4.>f tlie 
genus except imocazms, described by Looss (1907) from Thymnis in B2gypt, which 
it closely resembles. It is, however, larger than imocavus, with less prominent 
dorsal lip, larger vitellaria relative to the ovary, and larger eggs.—AsA C. 

Rice Institute, Houston, Texas. 


A NEW SPIRUROID NEMATODE, HABRONEMA AMERICAXUM. 
FROM THE BROAD-WINGED HAWK, BVTEO 
PLAryPTERUS 

A few" .specimens of a Hdbronema which proved to be a new species were col 
lected from the stomach of Buteo platypierm in Cherokee Co., Texas, by 2^1r 
Rollin H. Baker, Field Biologist with the Texas Game, Fish and Oyster CommiS' 
sion. The specific description follows : 
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female. 


Habronerna americanum n. sp. 



Body elongate, strongly striated, with lateral alae, one better developed than 
the other, extending greater part of length of body. Cervical papillae anterior to 
nerve ring. Head indistinctly set off from body, about 35 p in diameter. Lateral 
lips broad, not , very distinctly lobed ; dorsal and ventral lips bluntly pointed. 
Bottom of oral vestibule about 38 to 40 jx from anterior end, diameter about 13 to 
15 JA. Esophagus about 3 to 3.5 mm long. 

Male about 10 mm long and 260> in diameter. Caudal alae unequal, the right 
one longer, marked by wavy longitudinal striations. Four pairs of pedunculated 
preanal papillae, one similar pair postanal, and 8 very minute sessile papillae near 
tip of tail, arranged 2, 4, 2. Tail terminated by a fleshy spike about 30 p, long. 
Spicules unequal, the right one 225 to 250 p long, the left one 725 to 750 p long; 
gubernaculum 26 p long. 

Female about 15 mm long and 350 p in diameter. Tail conical, 325 p long. 
Vulva anterior to middle of body, dividing it about 2 : 3. Eggs elliptical, 37 to 40 p 
long and 18 to 19 p broad. 

This species closely resembles H, leptoptera (Rudolphi, 1819) of Old World 
hawks, differing principally in the shape of the lips. Other minor differences are in 
the greater length of the esophagus, the longer spicules, and the different arrange- 
ment of the sessile papillae at the end of the tail of the male. — Asa C. Chandler, 
Rice Institute, Houston, Texas. 



THE OCCURRENCE OF HEXAMITA (OCTOMITUS) COLUMBAE IN 
PIGEONS IN CALIFORNIA 

Noller and Buttgereit (Centr. Bakt. I Abt. Orig. 75 : 239-240) and, Buttgereit 
(Inaug. Dissert, Tierarstl. Hochs., Berlin) in 1923 reported a catarrhal enteritis of 
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young pigeons in Germany. The enteritis extended throughout the intestine and was 
accompanied by large numbers of a small flagellate (5-9 .ii by 2.5-3.5 of the genus 
Hexamita (Octomihis). The organisms were increasingly abundant in the lower 
jejunum and ileum, and most abundant 5 cm anterior to the vent. They were abun- 
dant not only in the lumen, but also deep in the crypts of the villi. There w^as marked 
hyperemia of the duodenum and jejunum, and an infiltration of lymphocytes. They 
named this species Hexamita {Octomitxis) cohmibae. 

It is the purpose of the present paper to describe four similar cases and to report 
Hexamita columbae from California. To our knowledge it is the first time this con- 
dition has been reported from pigeons in the United States. 

Case I . — The first time that Hexamita was observed by us in pigeons was in a 
bird brought to the State Department of Agriculture Poultry Pathological Labora- 
tory at Los Angeles. This case is referred to by Niemeyer (1939, J. Am, Vet. Med. 
Assn. 94: 434-435), and came from a flock which was also suffering from paratyphoid 
infection and trichomoniasis of the crop. The relationship of Hexamita to the mor- 
tality in this flock was not determined. The intestine of the one bird examined 
showed no marked changes. No Hexamita were found in the duodenum, a few were 
present in the jejunum and ileum, large numbers were found in the rectum and a few 
in the bursa of Fabricius. The absence in the upper intestine and the lack of pathology 
suggests that this bird was in the carrier stage rather than suffering from the pres- 
ence of this parasite. 

Case 11 . — The second case was a group of five birds from a flock of tumbler 
pigeons. Several of the young birds and one breeder in this flock were in poor con- 
dition and thought by the owner to be suffering from coccidiosis. Oocysts were 
found in only one bird and then in very small numbers. 

Hexamita was found in four of the five birds; the fifth was suffering from im- 
paction of the rectum. Of the four birds, two were suffering from a catarrhal en- 
teritis. The duodenum was fairly normal, but the jejunum was hyperemic and the 
wall of the ileum was thin. There were several diphtheritic ulcers in the rectum. 
Hexamita was absent or rare in the duodenum, numerous in the jejunum and ileum 
and most abundant in the rectum. It was present also in the bursa of Fabricius. No 
pathogenic bacteria could be isolated from these birds. 

Cn.yr 111 . — The third case was brought in by the owner of the birds mentioned 
above. It was a banded bird which had escaped from some other loft and had been 
present in his loft for only a day or two. This bird w^as in poor flesh. There was 
marked catarrhal enteritis throughout the intestine and ulceration of the ileum and 
rectum. Flexamiia was abundant in scrapings from the jejunum, ileum, and rectum. 
All of these cases originated in Southern California. 

Case IV . — The fourth outbreak occurred in a loft located in the San Francisco 
Bay region. The owner reported heavy losses in his young squabs with occasional 
losses in the adults. A total of five pigeons of various ages were examined. All 
were in fair flesh, and three were suffering from a marked case of trichomoniasis of 
the upper digestive tract, Coccidia and a few ascarids as well as Hexamita were 
found in the intestines. The Hexamita were present in large numbers in the poste- 
rior two-thirds of the intestines and in small numbers in the bursae of Fabricius. In 
one young squab a small rectal ulcer was present and Hexamita in large numbers 
were clinging to the tissues scraped from this lesion. Because of the numbers of 
other parasites also present in these birds it was difficult to determine which specie.s 
were responsible for the losses. 

That Hexamita columbae is not merely a ubiquitous conmiensal in pigeons is 
evidenced by the fact that healthy pigeons have been examined from four other flocks 
and Hexamita was not present. 

The disease described by Noller and Buttgereit in Germany and also encountered 
in these birds in California is similar to infectious catarrhal enteritis of turkey 
poults (Flinshaw, McNeil, and Kofoid, 1938, Cornell Vet, 28 : 281-293; McNeil, 
Hinshaw, and Kofoid, 1941, Ara. J. Hyg. in press). One essential difference in the 
pathology of hexamitiasis of pigeons is the consistent catarrhal inflammation with 
a heavy mucus deposit in the rectum of young pigeons. This was also noted by Butt- 
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gereit (1923). The owner of the loft from which the pigeons of Case II came, 
reports that he has had only a small mortality in his young birds, but many of them 
are unthrifty. No other infection has been found on this ranch ; so it is highly prob- 
able that Hexamita cohnnhae is responsible for the loss he has had and for the stunt- 
ing of the squabs. 

It has not been possible to infect turkey poults with Hexamita columbae (cf. 
McNeil, Hinshaw, and Kofoid, l.c.), nor is it likely that it is possible to infect pigeons 
with Hexamita meleagridis, since the pigeons examined by us and found free from 
Hexamita were on ranches where Hexamita meleagridis was abundant in turkeys, 
and where they frequented the infected pens. — E, McNeil and W. R. Hinshaw, 
bniversity of California, Division of Veterinary Science, Davis, California. 

CERCARIA ELONGATA BRACKETT, 1940, FROM A NEW SNAIL 
HOST, MENETUS EXACUOUS (SAY), IN MINNESOTA 

A schistosome cercaria identified as Cercaria elongata Brackett, 1940 (J. Para- 
sitol. 26: 195-200), was found in 2 of 40 specimens of the planorbid snail, Menetns 
exacuous (Say), collected June 22, 1940, from Lake Francis, Isanti Co., Minnesota. 
A small number of Gyraulus parvus (Say), the host Brackett reports, collected 
on the same date and on Sept. 9, 1940, from this lake were also positive for C. 
elongata. Although Brackett was unable to secure more than one dermatitis 
lesion experimentally, numerous characteristic dermatitis lesions were obtained by 
the writers. On one occasion when a vial containing 15 C. elongata from M. 
exacuous was placed in contact with the skin of the inner surface of the forearm 
for 12 minutes all of the cercariae penetrated and typical schistosome dermatitis 
lesions developed. Certainly, as Brackett concludes, this cercaria and its hosts will 
have to be considered in future studies of outbreaks of ‘‘swimmer’s itch”. — ^Ashton 
C CuCKLER AND Lawrence R. Department of Zoology, University of 

Minnesota, Minneapolis. 
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John Earl Guberlet (1887-1940) 

John Earl Guberlet^ was born at Courtland, Nebraska, March 18, 
1887, the son of a farmer. He attended Bethany College at Lindsborg, 
Kansas, (A.B., 1909) whei*e he studied zoology under Prof. Emil O. 
Deere, though for a time he was undecided as between medicine, zoology, 
or the ministry. The year following his graduation he spent at the Uni- 
versity of Colorado. Plere Prof. T. D. A. Cockerell interested him in 
the parasitology which eventually became his life-work. In 1910 Guber- 
let went to the University of Illinois. He worked first for his A.M. 
under Prof. J. S. Kingsley, his thesis being “On the Osteology of the 
Loricati^’ or rock fishes. Then he turned to parasitology for his doc- 
torate under Prof. H. B. Ward, investigating the cestodes of poultry. 
He received his Ph.D. in 1914. 

The year 1914-15 Guberlet was instructor in zoology at the Univer- 
sity of Oregon, and from 1915 to 1918 professor of biology at Carroll 
College, Waukesha, Wisconsin. In 1918 he went to the Oklahoma Agri- 
cultural and Mechanical College at Stillwater, Oklahoma, as assistant 
parasitologist in the agricultural experiment station and assistant pro- 
fessor of zoology, being promoted in 1921 to parasitologist and full pro- 
fessor. In Oklahoma he went on with liis parasitological investigations, 
specializing on the worm parasites of domestic animals. 

Guberlet was called to the University of Washington at Seattle in 
1923, where he was advanced to a full professorship in 1930. Beginning 
in 1924, he spent his summers at Friday Harbor, first on the staff of the 
Puget Sound Biological Station and then, after 1930, on the staff of the 
Oceanographic Laboratories of the University. 

During these years in Seattle and at Friday Harbor, Guberlet's re- 
searches followed two main lines. He became associated with the course 
in fish diseases offered by the University’s School of Fisheries. This led 
to studies on the parasites and diseases of fresh-water fishes, especially 
those in fish-hatcheries, and his investigations were of value in the 
development of pisciculture in the western portions of the state. 

In connection with the marine work at Friday Harbor, he and his 
students^ produced a notable series of studies on the flatworm parasites 

^ Or “Gutberlet,” as he spelled it previous to 1919. 

2 In addition to the papers cited in the bibliography of which Guberlet was author 
or co-author, the following were published independently by his students : 

Folda, Florence. 1928 Megalocofyle marginata, ^ new genus of ectoparasitic trema- 
todes from the rock fish. Publications Puget Sound Biol. Sta. 6: 195-206. 
Hart, John Francis. 1936 Cestoda from fishes of Puget Sound. IL Tetrarhyn- 


choidea. Tr. Am. Micr. Soc. 55 : 369-387, 
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of the marine fishes. One or two further papers on this subject were 
nearly ready for publication at the time of his death: He had built up a 
valuable parasitological collection and reprint library. 

In the second place, Guberlet found the Puget Sound marine fauna 
new and strange. He was required to familiarize himself witli it l.)y 
virtue of the course in invertebrate embryology and zoology that he was 
teaching, and I have heard him tell how he was liberal with the midnight 
oil during his early sessions at the Biological Station, The result was 
that he came to have an extraordinarily extensive knowledge of the 
larger marine species. One result of this study was the book, “Animals 
of the Seashore,” which he helped his wife, Muriel Lewiii Guberlet, pre- 
pare for publication in 1936. This text, an illustrated account of nearly 
200 of the common invertebrate animals of the Puget Sound region, 
while primarily intended for amateur and high school use, has proven to 
be of considerable value in the instructional work at the Oceanograpliic 
Laboratories. Another product of Guberlet*s marine work was an ex- 
tensive study of the distribution of the larger marine animals of Puget 
Sound, derived from many years of dredging mostly from the Univer- 
sity's research M. S. Catalyst. Guberlet was at work on the final manu- 
script of this paper at the time of his death. 

In addition to his instructional work in parasitology and marine zool- 
og}", Guberlet had charge of the pre-medical zoology course, and many 
generations of "‘pre-medics” have profited from his kindly sympathetic 
guidance. With even the largest classes he had the capacity for per- 
sonalizing his relationship with his students. Those aspects of his per- 
sonality which caused him at one time to consider the profession of the 
ministry came to the fore and made Guberlet's zoology one of the unfor- 
gettable experiences of the pre-medical student. The place he has left 
will be hard to fill. 

As a colleague on the faculty, Guberlet was kindly and cooperative, 
active in the work of the faculty committees to wliich he belonged. He 
w'as a member of TA, SS? and .A.A.A.S. (fellow). Amer- 
can Society of Zoologists, American Microscopical Society (president, 
1935), American Society of Parasitologists, American Society of Trop- 
ical Medicine, Society for Experimental Biology and Medicine, Western 
Society of Naturalists, and the Pacific Northwest Bird and ^lammal 
Societ}^ (treasurer, 1930-). 

During the spring of 1926 Guberlet held a visiting professorship in 
zoology at the University of Hau'aii at Honolulu. In 1928-29 he was 
a delegate to the International Congress of Tropical Medicine and 


1936 Cestoda from fishes of Puget Sound. III. PhvIIobothrioidea. Ibid 

55 : 488-496. 

Lloyd, Lowell Clyde. 1938 Some digenetic trematodes from Puget Sound fish. J. 
Parasitol. 24 : 103-133. 
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Hygiene at Cairo, Egypt. At the same time he visited many of the 
laboratories of western and southern Europe, especially the Stazione 
Zoologica at Naples and the London School of Hygiene and Tropical 
Medicine. In 1935 he was a delegate to the 7th American Scientific 
Congress in Mexico City. 

Early in 1937 Dr. Guberlet was stricken by a severe attack of coro- 
nary thrombosis. By June, however, he had recovered sufficiently to 
resume his university duties, which he continued with hardly a day^s 
interruption for three and one-half years. Recovery, however, had only 
been partial, A second attack at his Seattle home shortly after five on 
the morning of December 30, 1940, proved fatal within a few minutes, 
and he died, probably without waking. 

Dr. Gubeidet is survived by his wife, Muriel Lewin Guberlet, whom 
he married on December 29, 1915, at Lindsborg, Kansas, by a son, Frank 
Lewin Guberlet, and by a daughter, Florence Evangeline Gubeilet.— 
Melville H. Hatcb., University of Washington, Seattle. 

The Scientific Publications of John Earl Guberlet® 

1915 On the osteology of some of the Loricati. Illinois Biol. Monogr. 2: 170-210 

(5 plates, 13 Figs.). 

1916 Morphology of adult and larval cestodes from poultry. Tr. Am. Micr. Soc. 

35: 23-44 (30 Figs.). 

Studies on the transmission and prevention of cestode infection in chickens. 

J. Am. Vet. Med. Assn. 49 : 218-237. 

1919 On the life history of the lungworm, Dictvocauhis filaria, in sheep. Ibid 55 : 

621-627. 

On the life history of the chicken cestode, Hyiiicnolcpis carloca (Magalhaes) . 

J. Parasitol. 6: 35-39 (4 Figs.). 

1920 A new bladder fluke from the frog. Tr. Am. Micr. Soc. 39: 142-148 (7 

Figs.). 

1921 Studies on the sheep stomach worm — Hacmonckus confortns Rud. J. Am. 

Vet. Med. Assn. 39: 716-721. 

Some internal parasites of Oklahoma livestock. Oklahoma Agric. & Mech. 

Coll. Ext. Serv. Circ. No. 127: 3-15. 

Stomach worms in sheep. Oklahoma Agric. Exper. Sta. Bull. No. 137 : 3-16 

(5 Figs.). 

1922 Stomach worms in sheep- Am. Sheep Breeder and Wool Grower 42 : 265- 

270. 

Some facts concerning human parasites in Oklahoma. Oklahoma State Med. 

1.15:187-193. 

— . Three new species of Holostomidae. J. Parasitol. 9: 6-14 (13 Figs.). 

. — Some notes on the parasite fauna of Oklahoma. Proc. Oklahoma Acad. Sc, 

2: 3(:i-41 (Llniv. Oklahoma Bull. N. S. 247; Univ. Stud. 15). 

Lowery Laymon Lewis. Science 56 : 563-564, 

Potassium nitrate poisoning in chickens. J. Am. Vet. Med. Assn. 62 : 362- 

365. 

1923 Hemisfommn confusiim, a homonym. Tr. Am. Micr. Soc. 42: 68. 

An epizootic of aspergillosis in chickens. J. Am. A^et. Med. Assn. 63: 612- 

620. 

— Roup in poultry. Oklahoma Agric. & Mech. Coll. Agric. Exper. Sta. Circ. 

July 1923. 2 pp. 

* ® The first three titles were published under the name of ‘‘Gntberlet.” 
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— ~ Parasites of dogs and cats of Oklahoma. Proc. Oklahoma Acad. Sc. 3 : 

71-78 (Univ. Oklahoma Bull. N. S. 271; Univ. Stud. 16). 

1924 Notes on the life history of Ascaridia' perspicillum (Rud.). Tr. Am. Micr. 

Soc. 43 : 152-156. 

1925 Malacobdella grossa from the Pacific coast of North America. Publications 

Puget Sound Biol. Sta. 5: 1-13 (8 Figs.). 

1926 Ecto-parasitic infusoria attacking fish of the Northwest. Univ. Washington 

Publications Fish. 2: 1-16 (5 Figs.). 

Notes on the parasitic fauna of Hawaii. Proc. Hawaiian Acad. Sc., First 

Ann, Meeting. Bernice P. Bishop Mus. Spec. Publ. 11: 29-30. 

1927 Some relationships of the parasitic flatworms of the birds of the Northwest. 

Murrelet 8: 1-3 (mimeographed). 

(with Harry A. Hansen and Jean A, Kavanagh) Studies on the control of 

Gyrodacfyliis. Univ. Washington Publications Fish. 2: 17-29. 

1928 Parasitic worms of Hawaiian chickens with a description of a new trematode. 

Tr. Am. Micr. Soc. 47: 444-453 (5 Figs.). 

Notes on a species of Argiihis from goldfish. Univ. Washington Publica- 
tions Fish. 2: 31-41 (7 Figs.). 

Observations on the spawning habits of Melibe leonina (Gould). Publica- 
tions Puget Sound Biol. Sta. 6 : 263-270. 

Two new genera of trematodes from a red-bellied water snake. J. Helm. 

6: 205-218 (13 Figs.). 

1930 Notes on relationships of parasitic flatworms to birds and mammals. Murrelet 

11:15-17. 

1931 (with V. S. Samson and W. H. Brown.) A report of hydrocoele embryonalis, 

or yolk-sac disease, in salmon fry, with a note on its cause. Tr. Am. Mkr. 
Soc. 50 : 164-167. 

1932 Parasitism in Northwestern United States of North America in relationship to 

public health. Compt. Rend. Cong. Internat. Med. Trop. et Hyg. (Le Caire, 
Dec. 1928) 4: 41-47. 

(with Lowell C. Lloyd) A new genus and species of M'onorchidae, J. 

Parasitol. 18: 232-239 (5 Figs.). 

■ Notes on some Onchocotylinae from Naples with a description of a new 

species. Pubblicazioni Stazione Zool. Napoli 12: 323-336 (10 Figs.). 

1933 (with R. C. Miller) Notes on birds observed at sea off the North Pacific 

coasjt Murrelet 14: 7-8 (for correction see Ibid 14: 46). 

1934 Recent advances in our knowledge of the parasites of the marine fishes of the 

Pacific. Proc. 5 Pacific Sc. Cong. (Canada 1933), pp. 4165-4169. 

Observations on the spawning and development of some Pacific annelids. 

IbTd, pp. 4213-4220. 

1936 (with Lowell C. Lloyd) Syncoeimm jfi/f/mon ( Sars ) from the Pacific 

salmon. Tr. Am. Micr. Soc. 55: 44-48 (5 Figs.). 

(wdth John F. Hart) Cestoda from fishes of Puget Sound. 1. Spathe- 

bothriidea, a new superfamily. Ibid 55 : 199-207 (13 Figs.). 

A brief resume of trematode studies in Washington. The Biolog (Univ. 

Portland) 3: 1-2; 9-10. 

Trematodos ectoparasites de los peces de las costas del Pacifico. An. Inst. 

Biol., Univ. N'ac. Mexico 7: 457-467 (7 Figs,). 

Note on embryo porpoise. Murrelet 17 : 56. 

Two new ectoparasitic trematodes from the sting rzyy Myiiobatns. calif or- 

uicus. Am. Midland Naturalist 17 : 954-964 (12 Figs,). 

1937 Lowell Clyde Lloyd (1903-1936). Tr. Am. Micr. Soc. 56 : 119, 

(with Kelshaw Bonham) Notes on Microcoiyle sebasfis Goto from Puget 

Sound. J. Parasitol. 23: 281-290 (14 Figs.). 

A method for rearing Nereis agassiA and A^. /jreccra. In Galstoff et al: 

Culture Methods for Invertebrate Animals, Ithaca, N. Y., Comstock Pnb. 
Co., pp. 184-185. 
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1938 (with Kelshaw Bonham) Ectoparasitic trematodes of Puget Sound fishes — 
I Acanthocotyle. Am. Midland Naturalist 20: 590-602 (10 Figs.). 

} 1939 When does the robin begin to sing? Murrelet 20: 18. 

I 1940 (with H. H. Hotson) A fly maggot attacking young birds, with observations 

on its life history. Ibid 21 : 65-68 (4 Figs.). 

! Prepared for Publication 

List of animals dredged in Puget Sound. 

List of animals dredged off British Columbia and Southeastern Alaska. 

The morphology and behavior of Pferaster tesselatus Ives. With Irma 
Rodenhouse) 

Further studies on monogenetic trematodes from Puget Sound fish. (With 
Kelshaw Bonham) 

Studies on Hexamita in the, Fowl and the Turkey. (With Joseph B. Trainer) 
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CHARLES WARDELL STILES 
1867-1941 

The death on January 24, 1941, of Dr. Charles Warded Stiles, retired 
medical dii'ector of the United States Public Health Service and for 30 
years chief of the Division of Zoology of the National Institute of Health 
(formerly the Hygienic Laboratory), marked the passing of a pioneer 
American zoologist and virtually the end of an epoch in American parasi- 
tology.*^ 

Dr. Stiles was born at Spring Valley, N. Y., on May 15, 1867, the son 
of Rev. Samuel Martin and Elizabeth White Stiles. Part of his under- 
graduate work was taken at Wesleyan University but in 1886 he enrolled 
in the College de France and later attended the University of Berlin. He 
obtained his A.M. and Ph.D. degrees at Leipzig. The year 1891 found 
him at the Trieste Zoological Station and later at the Pasteur Institute. 
On his return to the United States later in that year he was appointed to 
the position of Zoologist in the United States Bureau of Animal Industry, 
where, along with Curtice and Hassall, he laid the foundations for the 
zoological work of that Bureau and participated in the outstanding 
achievements which marked its progress. 

One of Dr. Stiles’ first assignments in the Bureau of Animal Industry 
was to compile a report on the animal parasites of cattle. In preparing 
the material on cestodes, so many contradictions in the diagnoses of species 
were encountered that he found it necessary to restudy the whole group, a 
study which resulted in the publication in 1893 by Stiles and Hassall of 
the bulletin entitled “A revision of the adult cestodes of cattle, sheep and 
allied animals,” It has been said that Stiles evinced little interest in the 
subject of zoological nomenclature until his election to the secretaryship of 
the International Commission. However, in his first major publication 
he discussed at some length the question of nomenclature in relation to 
his problem and observed that ''the only way to establish an international 
nomenclature in medical zoology, as well as in other branches of biology, 
is to enforce the law of priority.” The foresight and soundness of the 

*An excellent portrait of Dr. Stiles was published in this Journal in June, 
1933 (19: 257), accompanying* an article by Benjamin Schwartz entitled Brief 
Resume of Dr. Stiles’ Contribution to Parasitology.” In the August, 1939, issue 
appeared Dr, Stiles’ reminiscent '‘Early History, in Part Esoteric, of the Hookworm 
{, Uncinariasis) Campaign in our Southern United States.” 
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work in this bulletin are exemplified by some of the conclusions summa- 
rized, as follows: (1) Descriptions of cestodes based upon external form 
alone, unassociated with internal anatomy, are of little value. (2) The 
present genus Taenia^ as generally accepted by authors, contains forms 
which must be restudied and arranged in several sub-families and a num- 
ber of genera. (3) This revision must be based on internal anatomy. 
(4) In the adult cestodes of cattle and sheep three genera, Moniezia, R. 
Bl., Thysanosoma Dies., and Stilesia Rail., are recognized. In this publi- 
cation, Stiles reported briefly on life history studies with Moniezia ex- 
pansa. While the experiments with the feeding of ova to sheep and the 
attempts to infect various invertebrate hosts w'ere entirely negative, Stiles 
predicted that ^‘some insect, worm, or snail will be found to contain the 
larval stage.” 

Stiles' bulletin on tapeworms of poultry in 1896 laid down some very 
specific criteria for cestode life history studies. Suggested methods of 
investigation were cited, as follows : ( 1 ) Experimental infection by feed- 
ing known larval stages in invertebrates; (2) experimental infection of 
invertebrates by feeding ova of bird tapeworms ; (3) comparison of hooks 
on adults with hooks on larval stages; and (4) wild speculation totally 
devoid of any scientific foundation. Stiles commented: *The less said 
about the fourth method the better.” 

Stiles' continued interest in the cestodes was finther reflected by the 
publication in 1896 of revision of the adult tapeworms of hares and 
rabbits.” In this bulletin it was noted that none of the adult leporine 
tapeworms described from Europe had been found in America and that 
American forms described as Taenia pectmafa must be distributed over 
several species. Anoplocephala, Cittotaenia and Davainea were consid- 
ered as valid genera with the impression that Andrya and Bertia would 
be recognized as valid when sufficient material became available for study. 

In his report on the verminous diseases of cattle, sheep and goats in 
Texas, Dr. Stiles made some very practical contributions to the subject 
of ruminant parasites. His critical anthelmintic tests w’ere among the 
first to be conducted on ruxninants and the measures which he advocated 
for the control of strongylid parasites m^ere particularly sound when 
viewed in the light of our broader present day knowledge. The inefficacy 
of intratracheal injections for the treatment of lungworm infections was 
noted ; and Stiles in this investigation was apparently the first to carry 
out experiments on the mechanism of the passage of fluids to the ruminant 
stomach. 

During the years 1898 and 1899, Dr. Stiles served as agricultural 
attache to the American Embassy in Berlin and conducted investigations 
to determine the value of the microscopic inspectioii of pork for trichinae, 
to ascertain whether any cases of trichinosis could be traced to American 
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pork inspected by the United States Department of Agriculture and to 
investigate the charges brought in Germany against American meats. It 
will be recalled that in 1880 Germany prohibited the importation of 
sausage and chopped pork products from the United States and in 1883 
excluded all American pork. By the decree of 1891, following the Sara- 
toga Convention, American pork products were readmitted with the 
understanding that the United States Department of Agriculture should 
inspect them microscopically for trichinae before shipment. Microscopic 
inspection was then instituted. However, while the Impeiial German 
Government recognized the certificates of inspection as valid for customs 
purposes, no agreement was made by which any kingdom, state or local 
authority was required to recognize the documents for sanitary or health 
purposes. As a consequence, local restrictions were promulgated which 
interfered seriously with the flow of American pork into the channels of 
German trade. 

Dr. Stiles' exhaustive investigations and his subsequent voluminous 
report showed in substance that not a single case of trichinosis in Germany 
had ever been traced to American certified pork, that claims for the 
causation of trichinosis by uncertified American pork were either un- 
justified or could not be substantiated by the evidence, and that the micro- 
scopic inspection of pork in Germany was a very costly procedure and 
led to a false sense of security since cases of the disease were known to 
have occurred following the ingestion of such pork. 

While Dr. Stiles' contributions to veterinary parasitology were of 
outstanding merit, this earlier work has been overshadowed by his 
achievements in the field of public health and it is for the latter that he 
will be most remembered. As a preliminary excursion into this field, 
while still in the Bureau of Animal Industry, he compiled at the request 
of Surgeon General Walter Wyman of the United States Public Health 
Service a report on “The significance of the recent American cases of 
hookworm disease (uncinariasis, or anchylostomiasis) in man," and a 
few months later on May 10, 1902, he described for the first time the New 
World hookworm, Uncinaria americana, later renamed by him Necator 
americanus. In his lectures to medical students, Stiles had frequently 
expressed the view that hookworm disease probably existed in the south- 
ern United States, and a statement in the paper in question crystallized 
this view in the following words : 

Uncinaria americana is known to occur in Texas, in Virginia, and in Puerto 
Rico, and this wide geographic separation Ap'ws very clearly that in the new world 
we have a special, heretofore undescribed f|tasite which causes uncinariasis. This 
further indicates very strongly the correaness of the view that uncinariasis is 
endemic in the southern states, altliough it is rarely recognized.” 

On August 16, 1902, Dr. Stiles was appointed Professor of Zoology 
in the United States Public Health Service and organized the newly 
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authorized Division ot Zoology in the Hygienic Laboratory. Shortly 
thereafter, he set out on an investigational tour of the South and on 
October 24, 1902, published a preliminary report of his findings which 
indicated in substance that hookworm disease was one of the most im- 
portant and most common diseases of the South. The report concluded 
in part with the following prophetic words : 

“All of the cases thus far examined are due to Uncinaria americana, demonstrat- 
ing clearly that this is an endemic infection. . . . There is, in fact, not the slightest 
room for doubt that uncinariasis is one of the most important and most common dis- 
eases of this part of the South, especially on farms and plantations in sandy districts, 
and indications are not entirely lacking that much of the trouble popularly attributed 
to ‘dirt-eating,’ ‘resin-chewing/ and even some of the proverbial laziness of the poorer 
classes of the white population are in realit}" various manifestations of uncinariasis.” 

The soundness of this view became increasingly evident as other in- 
vestigators, notably Dr. H. F. Harris of the Georgia State Board of 
Health, added confirmation to the findings but it was Dr. Stiles who 
inspired and motivated the hookworm campaign which followed. 

In his contemporary history "‘Our Times,” Mark Sullivan relates very 
entertainingly how hookworm disease came to be brought forcibly to the 
attention of the American people. Dr. Stiles had been detailed by 
Surgeon General Walter Wyman to present before the Pan- American 
Sanitary Conference held in Washington, D. C., December 4, 1902, a 
report of his investigational field trip in the South. As the paper was 
being read, the polysyllabic words seemed to act as a somnifacient on the 
apathetic cerebrum of a young man slumped in a seat in the front row of 
the hall. Suddenly, as Dr. Stiles brought out his point that hookworm 
disease might be the cause of the so-called laziness of the South, the 
young man’s mental faculties sprang to life again and his flying fingers 
spread penciled words across the pages of a notebook which had almost 
fallen from his inert hand. The strange reawakening of the young man 
remained a mystery to Dr. Stiles until the next day when tlie staring 
headlines of the New York Sun informed him that he had discovered the 
"'Germ of Laziness.” 

While the facetious headline and the humorous story carried under 
its banner created considerable controversy and engendered harsh criti- 
cism, particularly in the South, the article no doubt was responsible more 
than any other one thing for bringing to the attention of the medical 
profession and the public in general the importance of hookworm disease. 

In the face of the criticism which arose like an enveloping cloud, Dr. 
Stiles carried the hookworm message to the South and persistently pur- 
sued an educational campaign designed to convince the medical profes- 
sion, public health officials and the hookworm victim himself of the 
seriousness of the situation. He wrote papers, articles and bulletins; 
lectured before medical groups and other audiences; promoted the es- 



tablisliment of hookworm clinics ; organized hookworm instruction courses 
in the schools ; and did a prodigious amount of spade work in preparing 
the South for the control campaign which was to follow. 


The Act of January 29, 1907, providing for an investigation of woman 
and child labor in the United States, gave further opportunity for dealing 
with the problem. Dr. Stiles was detailed to investigate health conditions 
among cotton mill workers. Studies conducted in 169 mills and establish- 
ments in 6 Southern States and 26 mills in 3 New England States dis- 
closed the fact that the so-called ‘‘cotton mill anemia’’ of the South, which 
had been assumed to be due to the inhalation of cotton lint, was in reality 
a manifestation of hookworm disease. 

In 1908 and 1909, Dr. Stiles cooperated closely with the Country Life 
Commission appointed by President Theodore Roosevelt and assumed a 
prominent part in extensive studies in rural sanitation. As an outgrowth 
of this and Dr. Stiles’ other work, Mr. John D. Rockefeller became in- 
terested in the problem of hookworm disease, an interest which culminated 
in the formation in 1909 of the Rockefeller Sanitary Commission and a 
gift of $1,000,000 to finance a five-year campaign against the disease. 
Dr. Stiles became a member of the Commission and was made its scientific 
secretary, a post which he retained throughout the life of the organization. 

The discovery of a new species of hookworm widespread in America, 
the vigorous campaign for recognition of the public health importance of 
the parasite and its culmination in the application of extensive control 
work probably mark the high lights of Dr. Stiles’ career. However, 
during the intervening years he was not idle in other fields. In the mean- 
while his report on surra and his “Animal parasites of cattle” had ap- 
peared as Bureau of xA.nimal Industry publications. His “Illustrated key 
to the treniatode parasites of man” appeared in 1904, to be followed in 
1906 by a similar key to the cestodes of man. In 1905, he conducted an 
investigation into the cause, transmission and source of Rocky Mountain 
spotted fever. While Dr. Stiles was unable to confirm the hypothesis 
that this disease is transmitted by ticks, he did disapprove the contention 
of Wilson and Chowniiig that it was caused by di Piro plasma, the so-called 
Plroplasjna Jiominis. His later valuable contribution on “The taxonomic 
value of the microscopic structure of the stigmal plates in the tick genus 
Deriuaceufor” was probably an outgrowth of Ms spotted fever investiga- 
tions. 

In 1910, there appeared the monograph by Stiles and Goldberger on 
an anatomical study of Watsonius watsoni and 19 allied species of the 
superfamily, Paramphistomoidea, This outstanding work represented a 
very valuable contribution to the internal anatomy of a group requiring 
prolonged and detailed study. 

During the year's between 1902 and 1912, Dr. Stiles collaborated with 
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Dr. Albert Hassall in the preparation of the monumental Index Catalogue 
of Medical and Veterinary Zoology, which was issued in 36 parts. In 
addition Dr. Stiles and his associates later prepared and published several 
subject catalogues which appeared as Hygienic Laboratory Bulletins, as 
did a number of key-catalogues of various parasites reported from man 
and other animals. These catalogues constituted a summary of the 
world's literature on zooparasitic infections, and as such are familiar to 
ever}?' parasitologist. 

Stiles had very early in the hookworm work recognized the importance 
of environmental sanitation and from the beginning the control campaigns 
which he directed were predicated on the thesis of ''80 percent prevention 
and 20 percent treatment." Naturally, he became involved more and 
more in the sanitation problem. For instance during his work with the 
Country Life Commission, he itispected 4,645 farm homes in 6 states and 
found 55.2 per cent of them without toilet facilities of any sort. These 
activities led later to intensive rural sanitation campaigns by officers of 
the United States Public Health Service in cooperation with the State 
boards of health, during which from 1914 to 1917, a total of 105,157 
rural homes, 731 churches and 961 rural schools were inspected for 
sanitary facilities. 

In 1910, Stiles began studies on soil pollution and the survival of 
parasite cysts and ova under varying conditions. These investigations 
were interrupted by the first AVorld War but after the war they were 
resumed and pursued intensively. Of ail of Dr. Stiles' work, these studies 
are probably the least known to parasitologists. However, very im- 
portant findings came from them and one eminent authority in the field 
has stated only recently: "The results of ground water pollution studies 
by Stiles and Crohurst established accurately and for all time the rate and 
level at which fecal pollution spreads in a medium composed of sand 
having a subsurface ground-water table." 

Following the armistice marking the end of the first World War, some 
a])prehension was felt on the part of public health autliorities that soldiers 
returning from overseas service might serve as unusual sources of infec- 
tion for the dissemination of Endamoeha histolytica and other intestinal 
parasites. In a survey involving over 8,000 persons, including returned 
soldiers, soldiers who had not served overseas, civilians, and immigrants, 
Boeck and Stiles determined that individuals of the first mentioned group 
w^'ere no more frequently infected with E, histolytica and other intestinal 
parasites on the average than were individuals comprising the otlier 
groups and that therefore members of the A. E. F. could not I:)e expected 
to serve as unusual sources of infection in the dissemination of parasitic 
diseases. 

Dr. Stiles was elected secretarv of the International Commis.sion on 
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Zoological Nomenclature at the International Zoological Congress at 
Cambridge in 1898 and until 1936 served faithfully and untiringly in 
exerting an influence which had much to do with bringing about proper 
usage of zoological terminology. He represented the United States at 
the international congresses at Leyden, 1895, Cambridge, 1898, Berlin, 
1901, Berne, 1904, Boston, 1907, Gratz, 1910, Monaco, 1913, Budapest, 
1927 and Padua, 1930. 

During his long and distinguished career, many honors came to Dr. 
Stiles. He receh^^ed honorary M.S. and D.Sc. degrees from Wesleyan 
University, LL.D. from the University of North Carolina, D.Sc. from 
Yale and M.D. Lorn the Richmond Medical College. He was a foreign 
correspondent of the Societe de Biologic of France and of the Academic 
de Medecine of France, a corresponding member of the Zoological Society 
of London, and an honorary member of other foreign societies. 

Dr. Stiles’ talents were well illustrated by the scope of his researches 
and his broad, ever changing horizons. In the light of present day 
specialization, his versatility was amazing. It enabled him to produce 
important contributions on nematodes, trematodes, cestodes and arthro- 
pods, to achieve conspicuous leadership in the field of zoological nomen- 
clature, to prepare with infinite care and precision outstanding catalogues 
of incalculable value for all time, and to draft, motivate and participate 
actively in broad public health programs. Perhaps of all his scientific 
accomplishments, his influence in the field of public health was most far 
reaching and yet most undervaluated. In one of his later papers published 
shortly before his retirement from the Public Health Service, Stiles 
enumerated ten factors responsible for the marked advancement in public 
health in the South. Very generously he omitted reference to the influence 
of his own work in bringing about this advancement. Today the South- 
ern States may well point with pride to their exceptional rural health 
organizations. There is no doubt but that these organizations had their 
foundations in the early hookworm work and that the health consciousness 
of the South was awakened by the message which Dr. Stiles carried into 
its highways and byways at the turn of the century.— Willard H. 
Wright, Division of Zoology, National Institute of Health. 



THE OOCYSTS OF COCCIDIA FROM DOMESTIC CATTLE IN 
ALABAMA (U. S. A.), WITH DESCRIPTIONS 
OF TWO NEW SPECIES 


John F, Christensen 

Zoological Division, Bureau of Animal Industry, U. S. Department of Agriculture* 

There is little information available on the bovine coccidia to supple- 
ment oocyst studies in the definition of species. The relative patho- 
genicity, localization in the tissues, and morphology of the intracellular 
stages of coccidia from bovines have not been worked out on a compara- 
tive basis. To be reliable, such information should be based on experi- 
mental work with pure cultures and coccidia-free hosts. Considering 
the difficulties involved in providing these experimental conditions with 
bovines, a long time will elapse before speciation in these coccidia can be 
established with a thoroughness approaching that accomplished for 
chicken coccidia. 

The deficiencies in our knowledge of complete life histories and the 
probable extended period before such information will be available in 
considerable volume make ail the more desirable at the present time a 
system of diagnosis based on comparative morphology of oocysts. The 
present survey of coccidial oocysts from domestic cattle in the vicinity 
of the U. S. Regional Animal Disease Research Laboratory at Auburn, 
Alabama, wdiere this study was made, was carried out to determine 
whether the groups of oocysts previously described as species constitute 
recognizable entities from host to host and, in the event this were true, to 
determine the species prevalent in bovines from that section of the 
country.- The study revealed 9 distinct groups of oocysts which were 
differentiated by morphological and physiological criteria, 7 of these 
fitting the definitions for described species from bovines while 2 are 
apparently new. This paper presents comparative descriptions of these 
oocysts which, it is hoped, will contribute toward more accurate designa- 
tions of coccidial infections in bovines under field and experimental con- 
ditions. 

MATERIALS AND METHODS 

Oocysts for this study were obtained from fecal specimens from calves 
having natiual coccidial infections. Most of the host animals were male 
and female Jersey calves and a few of the Hereford breed. The entire 
early natural infection was followed by frequent fecal examinations in 7 
healthy calves kept on the premises of the Laboratory. Fecal samples 
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were obtained at intervals during August and September, 1938, from 25 
unthrifty calves from a dairy herd in the vicinity, most of these animals 
having shown more or less extensive scouring and emaciation during the 
second to fifth months of life and occasionally passing diarrheic stools 
containing blood. Individual specimens were obtained from several host 
animals from different localities in central Alabama. The calves in 
which natural infections were followed by frequent examinations pro- 
vided the best source of material, since each calf after beginning to dis- 
charge oocysts at the age of 4 to 6 weeks remained a continuous source 
of supply for the following several weeks, and usually discharged oocysts 
of most species of bovine coccidia before the initial hea\w natural infec- 
tion subsided. 

In the laboratory, flotations were made by mixing small amounts of 
strained fecal sediment with 15 volumes of 40 per cent sugar solution. 
After flotation, o6c}’sts in the surface films were removed with a vire 
loop 0.6 cm in diameter for observation, measurements and sporulation 
tests. Photographs, observations and drawings were made on oocysts 
in temporary mounts in the flotation fluid, which had satisfactory optical 
qualities for observation and was ideal for temporary mounts because of 
high viscosit}^ and slow evaporation. Measurements were iiiade on 
oocysts in hanging drops of flotation fluid on 22 mm coverslips inverted 
over tlie pits of depression slides. Secondary flotation occurred and 
oocysts soon accumulated beneath the surfaces of the coverslips, orienting 
themselves with their long axes parallel to the surface of the glass. 
Individual oocysts were then measured on the scale of an ocular inicrom- 
eter, and the resulting readings transposed into microns. This metliod 
of measuring concentrated the oocysts into a relatively small space wlien 
specimens in a sample wei'e few, and removed the danger of distortion 
through coverslip pressure. When observations and measurements were 
made within a few hours after flotation, the sugar solution had no per- 
ceptible eftect on shaj)e, size or color of oocysts. 

Sporulation times for oocyvSts were determined by a refinement of 
the method described by the writer (1938) fi,)r {.draining standard con- 
ditions for sporulation of oocysts of sheep coccidia. Loopfuls of flota- 
tion fluid containing freshly discharged odc\’sts were placed on 22 inm 
coverslips and each drop encircled with a strong line made by a wax 
pencil. Two drops of clean tap water were added to each drop of fluid 
on a coverslip and the resulting larger drop tlioroiighly mixed to insure 
dilution of the sugar solution and allow the oocysts to sink through the 
fluid to the surface of the glass. .The circle made by tiie wax |)encil 
served to keep the drop intact. Preparatic>ns were made only from loop- 
fuls of flotation material containing little fecal debris, since it was desired 
to eliminate putrefaction and, therefore, standardize the oxygen supply. 
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These coverslip preparations were then placed upright on inverted dishes 
inside a closed Petri dish containing a shallow layer of water to main- 
tain humidity and prevent evaporation from the coverslip drops. Obser- 
vations for sporulation were made at 24-hour intervals in the following 
manner: Excess water was removed from each drop by applying the tip 
of a piece of blotting paper to the edge, care being taken to leave a shal- 
low layer over the oocysts adhering to the surface of the coverslip. The 
coverslip was then inverted over the pit of a depression slide, the oocysts 
remaining attached to the surface of the glass. Observations were 
usually made under the high dry objective, but it was possible to use oil 
immersion when small oocysts were being observed. At each observa- 
tion the progress of sporulation was tabulated. Until the sporulation 
process was complete in oocysts which were being tested coverslips were 
returned to the moist chamber for another 24-hour period, care being 
taken to restore the two drops of water to each preparation. Since all 
tests were performed at room tempei'ature and aeration and moisture 
standardized by maintaining similar amounts of clean water in all 
preparations, the results of sporulation tests became comparative and 
proved to be a valuable accessory criterion for the identification of cer- 
tain oocysts. . 

DESCRIPTION OF SPECIES 

Eimeria surnii (Rivolta, 1878) Martin, 1909 
(Plate I, 2; Plate II, 12) 

Synonyms: Cyfospermhmi mirnii Rivolta, Coccidium bovis Ziiblin, 1908, 

pro parte; Eimeria bovis (Ziiblin, 1908) Fiebiger, 1912, pro parte; Eimeria cana- 
densis Bruce, 1921, pro parte. 

Unspornlafed oocysts: Oocysts of E. simtii ivom Alabama calves measured 15 to 
22 (average 17.8) long by 13 to 18 (average 15.6) in transdiameter; 20 to 40 con- 
secutive oocysts were measured from each of 5 host animals, dimensions being based 
on a total of 140, Shape spherical to bluntly ellipsoidal ; oocysts 0.73 to 1.00 (average 
0.88) as broad as long. No micropyle visible. Wall thin, homogeneous, transparent, 
of uniform thickness throughout ; the oocysts appear colorless under low magnifica- 
tion, but under oil immersion the wall shows a faint grayish-lavender tint, fading to 
light yellow' at one end. In pure discharges these oocysts comprise a uniform, w’ell- 
defined group. 

Spondation: In 4 trials at room temperature 76 to 100, per cent of the oocysts 
sporulated completely within 48 to 72 hours after isolation into a drop of clean tap 
water. 

Relationships: The more ellipsoidal oocysts of E. mirnii may be confused with 
those of E. ellipsoidalis, which are usually found in large numbers in feces from 
healthy calves rather than in diarrheic feces from calves wdth clinical coccidiosis. 
The smaller subspherical oocysts of the species resemble those of E. subspherica mor- 
phologically, but they sporulate faster, have sturdier w^alls and are usually associated 
with clinical coccidiosis. 

Occurrence: Oocysts of £. mirnii are often associated in pure or nearly pure 
infection wdth bloody, diarrheic feces or bloody mucus from calves, indicating that 
this species is probably highly pathogenic- In the present study large numbers of 
oocysts of E. 51/ ruif were found in pure infection in scouring calves, once in bloody 
mucus and once in slightly bloody, diarrheic feces; in another bloody, diarrheic 
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stool and in a diarrheic stool with no blood, oocysts of E. siirnii comprised at least 
95 per cent of the total oocyst count, while oocysts o£ E. bozL^ constituted the 
remainder. 

Although others had indicated that there were at least two types of 
coccidial oocysts to be found in feces from domestic cattle, it remained 
for Yakimov and Galouzo (1927) to separate the ovoidal oocysts men- 
tioned by the earlier investigators from those described as spherical. 
They retained the name E. Biirnii for the spherical oocysts and gave the 
dimensions as 17.1 ^ in -diameter, with a range of 15.3 to 19.1 p. The 
larger, ovoidal ooc3’sts were described by these writers as £. sru.it ki. 
While the oocysts of E, mrmi found in diarrheic calves from Alabama 
were similar in size to those measured by Yakimov and Galouzo, the 
usual ooc^'St was found to be subspherical rather than regularhy spherical, 
with a range in shape from spherical to biiintly ellipsoidal. 

Rivolta (1878) did not give sufficient information to enable later 
investigators to determine accurately which species of bovine coccidia he 
meant in his description of Cyfospciiniinn siurnii, later properly referred 
to the genus Eimeria, Since he was dealing with coccidia associated 
with bloody dysentery in tooting cattle, it has been assumed that he was 
describing the coccidium represented by the splierical and subspherical 
oocysts frequently associated with bloody diarrhea in calves and later 
specified for E. srurnii by Yakimov and Galouzo. Rivolra is therefore 
credited with authorship of the species. 

In his Coccidium boms, Ziiblin (1908) described oocysts of at least 2 
species, including those fitting the description of iJ. aurnii. Most of the 
coccidia from bovines were said by this writer to be “rimde <">der ovale.'* 
and to have a ‘‘Durchmesser von 0,012 : 0,010 ilillimeter his 0,025 : 
0.020 mm.” While these dimensions have sufficient range to fit odcvsts 
of several species of cattle coccidia, Ziiblin's statement that r^amded or 
spherical (‘"kiigelig”) forms predominated in numbers and the fact that 
his observations Avere made on animals with clinical cocci<!iosis make it 
reasonably certain tliat his E. bovis included oocysts defme<l as £. mirnii. 
It appears, therefore, that Becker (1934) Avas justified in synonymizing 
E, bovis in part with E. surnii. 

Bruce (1921) described £. cauadoisis from coccidia from cattle in 
Britiwsh Columbia. The oocysts Avere said to he spherical ellipsoidal 
and ovoidal in shape and to A^ary from 11.6 to 43.1 g in length aiid from 
11.6 to 27.8 p in breadth. His figures included several bluntly ellipsoidal 
to spherical o6cy.sts measuring 16.6 to 18.2 p hv 13.2 to 17,4 p, dimen- 
sions Avhich fall within the range for E. i^urnii. Since there is little doubt 
that Bruce included E. caniii in his species, Becker (1934) was justified 
in synonymizing the name E, canadensis in part with the earlier s|.>ecies. 
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Eimeria bovis (Ziiblin, 1908) Fiebiger, 1912 
(Plate I, 7; Plate II, 17) 

Synonyms: Coccidinm hozns Ziibliii, 1908, pro parte; Eimeria canadensis Brace, 
1921, pro parte; Eimeria smithi Yakimov and Galouzo, 1927. 

Unsporulated oocysts: Oocysts of this species from Alabama calves measured 
23 to 34 (average 27.7) > long by 17 to 23 (average 20.3) p. in transdiameter; 10 to 
40 consecutive oocysts were measured from each of 25 fecal specimens from 8 host 
animals, dimensions being based on a total of 500. Shape typically stout ovoidal, but 
somewhat blunted across narrow end ; variation considerable, especially in heavy dis- 
charges, with subellipsoidal, asymmetrical and elongated, sharply tapered oocysts 
occurring at extremes; 0.56 to 0.88 (average 0.73) as broad as long. Micropyle 
present as a gap in wall at tapered end of o5cyst, but perceived as a lightened area 
rather than as a definite opening. Wall homogeneous, transparent and slightly 
thinner toward micropylar end. The pale, cloudy, greenish- to yellowish -brown 
color of these oocysts under low magnification is intermediate between that of the 
relatively colorless oocysts of E. mrnii and the distinctly yellowish-brown oocysts of 
E. auburnensis. 

Sporulation: In 10 trials at room temperature 63 to 100 per cent of the oocysts 
of E, bovis sporulated completely within 48 to 72 hours after isolation into a drop of 
clean tap water. 

Relationships: The general shape of typical oocysts of E, bovis is similar to that 
for E. alabamensis, but oocysts of E, bovis are considerably larger, sporulate faster, 
and do not have such delicate walls. Oocysts of F. bovis are significantly smaller 
than those of E. auburnensis or E. hukidnonensis, which are also tapered toward one 
end ; the wall shows no tendency toward a roughened phase as in F. auburnensis and 
is not thickened as in E, bukidnonensis. In color, oocysts of E. bovis are about inter- 
mediate between the relatively colorless E. alahamensis and the distinctly yellowish- 
browm E. auburnensis. 

Occurrence: Oocysts of E. bovis were frequently found in large numbers in feces 
from healthy calves with natural infections. They were occasionally found associated 
with those of E. mirnii m stools from emaciated, scouring calves. 

In describing coccidia associated with blood}^ dysentery in cattle, 
Ziiblin (1908) stated that occasionally '‘betrug die Breite 0,020 mm, die 
Lange 0,030-0,035 mm,” although predominantly they were said to be 
'h'unde oder ovale” and to measure ‘‘0,012 : 0,010 Millimeter bis 0,025 : 
0,020 mm.” Comparing the bovine coccidia with those known from the 
rabbit, Ziiblin added that the forms from cattle were almost exclusively 
spherical (“kugelig”), rarely ellipsoidaL (“ianglich rund”), while occa- 
sionally larger, egg-shaped specimens (“grossere, eifbrmige Exemplare”) 
were found. Ziiblin concluded in his summary that the coccidinm from 
cattle, which he named (7ord<^fwm J>owywas ‘‘rundlich” and measured 
0.015 mm in length by 0.012 mm in breadth. No mention was made 
here of the “ovale*’ or “grossere, eifbrmige” oocysts described in the body 
of the paper, but since Ziiblin did not distinguish more than one coc- 
cidium from cattle the presumption is that he included these forms in his 
E. bovis. 

Since Zitblin was dealing with coccidia from animals with coccidial 
dysentery, it seems to be a safe conclusion that the oocysts he described 
as “rundlich” or “kugelig” were those later defined for E. surnii. On 
the basis of size only, his relatively rare, larger oocysts measuring 30 to 
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35 jj in length by 20 jj in transdiametei- might be included with narrower 
oocysts of E: canadensis or with larger oocysts of the coccidium described 
as E. sjjiithi by Yakimov and Galouzo (1927) from ovoidal oocysts mea- 
suring 25.2 to 32.4 (average 31.5) |j in length by 19.8 to 28.8 (average 
21.6) [X in transdiameter. However, Ziiblin's additional statement that 
occasionally "grossere, eifomiige” specimens occurred creates the strong 
impression that this description applied to the oocysts measuring 30 to 
35 p ])y 20 p. If this is true, these oocysts fit the , description of the 
ovoidal E. smithi rather than the ellipsoidal E. canadensis, Becker 
(1934) evidently considered that the original description of E. bovis 
included oocysts* later described for E. smithi, since he synoiiymized the 
former in part with E. smithi, which he designated as the valid name for 
tlie species. 

While there may be some doubt as to whether Zublin’s oocysts mea- 
suring 30 to 35 p in length by 20 p in breadth are those he described as 
*’*grossere, eifdrmige Exemplare,” the inference that these descriptions 
apply to the same oocysts seems to be strong enough to \\-arrant the 
opinion that part of this author's E. bovis represents the coccidium later 
described as E, smithi. The present writer feels that the name E. bovis 
should be retained because part of the description of this species defines 
with reasonable accuracy oocysts later described for E, smithi. Under 
this opinion, the name E. bovis is restricted to apply only to the oocysts 
in question, and the name E. smithi is reduced to synonymy. 

Eimeria canadensis Bruce, 1921 
(Plate I, 8; Plate II, 19, 20) 

Synonym: Eimeria surnabadensis Yakimov, 1931. 

Unspondated oocysts: Oocysts answering the description for this species from 
Alabama calves measured 28 to 37 (average 32.5) p long by 20 to 27 (average 23.4) ii 
in transdiameter; 5 to 3Q oocysts were measured from each of 10 fecal samples from 
8 host animals, dimensions being based on a total of 170. Shape typically regularly 
ellipsoidal, varying from nearly cylindrical to stoutly ellipsoidal, with a few speci- 
mens being slightly tapered; 0.62 to 0.85 (average 0.72) as broad as long. Micro- 
pyle an inconspicuous gap in wall at one end, appearing covered with a thin, dark 
refraction line which possibly represents an operculum. Wall transparent, about 1 p 
in thickness in main body of oocyst, slightly thinner at each end ; impregnated with 
brown, fading to paler yellowish-brown toward ends, imparting a delicate tint to 
oocyst. Oocyst membrane distinguishable from inner surface of wall, the two not 
forming the single, heavy refraction line characteristic of smaller oocysts. These are 
relatively large, stoutly ellipsoidal, delicately yellowish-brown oocysts. 

Sporulation : In 6 trials at room temperature 66 to 100 per cent of the oocysts 
observed required 72 to 96 hours for complete sporulation after isolation into a drop 
of clean tap water. At the end of 48 hours in preparations containing both oocysts 
of this species and oi E. aiihurnensis, all of the oocysts of E. canadensis were still in 
the undivided sporont stage, wdiile those of E, aithurnensis had developed as far as 
the elongated sporoblast stage. 

Relationships: Oocysts of E, canadensis are similar to those of E. atdniniensis 
in color, and slightly tapered variants of the former may be confused with smaller 
specimens of the latter. The oocysts of E. canadensis can be differentiated from 
those of E. auburnensis, however, by having a significantly smaller mean size, greater 
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ratio of breadth to length and by requiring 24 hours longer for complete sporulation 
under standard conditions. In addition, the heavily-mammillated wall observed in 
certain variants of E. anhurnensis was not seen in oocysts of E. canadensis. In a few 
oocysts of this species, however, roughened walls were seen, the roughening consist- 
ing of relatively few broad, gently rounded, shield-like plaques instead of the numer- 
ous small, sharply rounded elevations characteristic of oocysts of E. aubnrnensis. 
While oocysts with roughened walls probably represent specimens discharged from 
the tissues of the host before the wall has completely homogenized it is apparent that 
the tendency for premature discharge of oocysts is more marked in E. anbtirncnsis 
than in E. canadensis or other species of bovine coccidia. 

Occurrence : Oocysts of this species were found in fecal samples from several 
healthy Alabama calves during the course of the early natural infection, but never in 
great numbers. 

In a brief preliminary re|)ort, Yakimov (1931) described E. mrnaba- 
densis on the basis of oocysts from the zebu, later (1933) giving a more 
detailed description accompanied by a figure. The oocysts were said to 
measure 25.2 to 43.2 (average 34.1) p long by 18 to 32.4 (average 25) p 
in transdiameter, were more or less cylindrical in shape, with the two 
ends equally rounded, and were colorless to yellowish in tint. 

In his E, canadensis, Bruce (1921) included along with E. siurnii 2 .nd 
E, bovis oocysts answering the description for Yakimov’s E. mrnaha- 
densis. He stated that larger oocysts of E, canadensis were alw^ays 
ovoidal or ellipsoidal in shape, including among his figures four of the 
large, ellipsoidal oocysts having shapes, dimensions and form indexes 
within the range specified by Yakimov for E, simmbadensis. Paits of 
Bruce's E, canadensis have been synonyniized with both E. zurnii and 
E, bovis, but since the remaitiing part of the description adequately desig- 
nates oocysts later described as E. zitrnabadensis, the name E. canadensis 
should be retained, restricted to apply only to these large, ellipsoidal 
oocysts and the name E. ziirnabadensis reduced to synonymy. 

While the average dimensions of oocysts answering the description 
for E, canadensis from Alabama calves were slightly smaller than those 
given by Yakimov, the shape index was almost identical. The four 
specimens figured by Bruce measured 30.7 to 33.2 p long by 24.9 to 
26.5 p in transdiameter, dimensions wdiich place them well within the 
range specified for the species by Yakimov. 

Bmieria e!lipsoidalis Becker znd FryQ, 1929 
(Plate I, 3; Plate II, 13) 

Umpofufated oocysts: Oocysts answering the description for this species from 
Alabama calves measured 12 to 27 (average 16,9) p long by 10 to 18 (average 13) ju. 
in transdiameter; 25 to 100 consecutive oocysts were measured from each of 9 fecal 
samples from 4 host animals, dimensions being based on a total of 350. Shape pre- 
dominantly regularly ellipsoidal, but varying from spherical to almost cylindrical, the 
spherical and subspherical oocysts occurring in the smaller range; 0.62 to 1.00 (aver- 
age 0.77) as broad as long. Micropyle imperceptible. Wall thin, homogeneous, 
transparent, and slightly thinner and paler at one end of the oocyst to suggest a pos- 
sible micropyle or weakness in the wall. Under low magnification these oocysts 
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appear colorless, but under oil immersion the wall is observed to have a pale lavender 
to yellowish tint. 

Sporulation: In 13 trials at room temperature 52 to 100 per cent of the typically 
ellipsoidal oocysts sporulated completely within 48 to 72 hours after isolation into a 
drop of clean tap water. 

Relationships: Spherical or subspherical oocysts in the small range of this spe- 
cies may be confused with those of E. subspherica or smaller E. surnii, and elon- 
gated oocysts in the larger range of E. ellipsoidalis intergrade with oocysts described 
for E. cylindrica. The standardized sporulation test showed that the odeysts of E. 
ellipsoidalis require at least 48 hours less for complete sporulation than those of E. 
subspherica. The prevalence of oocysts of E. ellipsoidalis in feces from healthy 
calves and the frequent association of oocysts of E. mtrnii with clinical symptoms of 
coccidiosis may possibly indicate a significant difference in the pathogenicity of these 
two species under field conditions. Wilson (1931) has presented fairly convincing- 
experimental evidence that E. cylindrica is a valid species, in spite of the tendency 
for the oocysts to intergrade morphologically with those of E. ellipsoidalis. 

Occurrence: These colorless, ellipsoidal oocysts were found in greater frequency 
and numbers in feces from healthy Alabama calves examined repeatedly during the 
early natural infection than were those of any other species. 

Becker and Frye (1929) described this species from oocysts found 
in the feces of a single calf. The oocysts were 20 to 26 (average 23.4) p 
long by 13 to 17 (average 15.9) p in transdiaiiieter, were predominantly 
ellipsoidal in shape, with ovoidal or subspherical forms being rare, and 
were colorless and more inconspicuous than oocysts of E, bovis. In this 
study, measurements of several hundred oocysts from several hosts 
showed a smaller average size and greater range in size than were re- 
corded by Becker and Frye for oocysts from a single liost. Occasionally 
oocysts in a single fecal specimen showed dimensions similar to those 
given by these authors. For example, 50 consecutive ellipsoidal oocysts 
in one fecal sample from a calf measured 17 to 27 (average 22.4) p long 
by 13 to 17 (average 15.4) p in transdiameter. Three clays later, 20 
consecutive ellipsoidal oocysts in a fecal specimen from the same calf 
measured 16 to 24 (average 19.7) p long by 12 to 16 (average 14.1) p in 
transdiameter. Apparently the oocysts in a single fecal specimen from a 
calf do not represent the entire range for the species. Measurements of 
oocysts from calves artificially infected with pure cultures of oocysts of 
E. ellipsoidalis are needed to define fully the mean size and range in size 
for oocysts of this species, 

Ehncria l^ukidnonensis Tubangui, 1931 
(Plate I, 6; Plate II, 18) ‘ 

Unsporulated oocysts: Oocysts of this species from Alabama calves measured 
33 to 41 (average 36.6) p long by 24' to 28 (average 26,7) p in transdiameter; 10 to 
25 consecutive oocysts were measured from each of 4 fecal samples from 3 host ani- 
mals, dimensions being based on a total of 80. Practically all oocysts distinctly pyri- 
form, with little variation in shape; 0.63 to 0.80 (average 0.73) as broad as long. 
Color yellowish-brown to distinctly brown. Wall about 2 p thick, discontinuous at 
narrow end to form a micropyle about 4 p in diameter ; thickness of wall relatively 
greater than in any other species of coccidia from bo vines. 

Sporulation: In 4 trials at room temperature 90 to 96 per cent of these oocysts 
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sporuiated completely within 4 to 7 days after isolation into a drop of clean tap water. 

Relationships: Oocysts of this species were easily differentiated from those of 
all other species of bovine coccidia by their large size, distinctly brown color, thick 
wall, pyriform shape and long sporulation time. 

Occurrence: Oocysts oi E. bukidnonensis were never found in large numbers or 
great frequency in Alabama calves, and probably this species has little pathogenic 
significance. 

The specimens observed in Alabama were considerably smaller than 
those described for the species by Tnbangui (1931), his oocysts measur- 
ing 46.8 to 50.4 (average 48.6) p long by 33.3 to 37.8 (average 35.4) p 
in transdiameter. 

Eimeria cylindrica Wilson, 1931 
(Plate I, 4; Plate II, 14) 

Unsporulated oocysts: Oocysts answering the description for this species from 
Alabama calves measured 16 to 27 (average 23) p long by 12 to 15 (average 13.9) 
in transdiameter ; these dimensions were based on measurements of 66 consecutive 
oocysts from a fecal sample in which there were no other morpbologically related 
oocysts. Shape typically regularly cylindrical, the opposite sides of the oocyst being 
nearly parallel throughout the middle third of the long axis; oocysts vary from 
ellipsoidal to narrow cylinders twice as long as broad; 0.50 to 0.77 (average 0.60) 
as broad as long. Micropyle imperceptible. Wall thin, homogeneous, transparent, 
slightly paler at one end to suggest a possible micropyle. Oocysts appear colorless 
under low magnification, but under oil immersion the wall appears slightly tinted. 

Sporulation: In 2 trials at room temperature 90 and 95 per cent of the typically 
cylindrical oocysts appeared to be sporuiated within 48 hours after isolation into 
clean water. The number of tests was not sufficient to be conclusive, but the results 
indicated that these oocysts sporuiated at a faster rate than those of E. ellipsoidalis, 
which require 48 to 72 hours under identical conditions. 

Relationships: These cylindrical oocysts were often found associated with those 
of E. ellipsoidalis, 2Xid since morphological intergradation was noted between the two 
an accurate differential diagnosis was difficult in these mixed discharges. Occasion- 
ally, however, the cylindrical oocysts were found with few or no oocysts of E. 
ellipsoidalis, dxid from these it was possible to make what is believed to be a reason- 
ably accurate description of the species. Average oocysts of the two species are dis- 
tinct in shape and ratio of breadth to length. The possible diagnostic differences in 
pathogenicity and in sporulation time between the two groups of oocysts should be 
tested further. 

Occurrence: Oocysts of E. cylmdrica vjcre usually found during the initial 
natural infection in feces from healthy calves examined repeatedly, but with less 
frequency and in smaller numbers than those of E. ellipsoidalis. 

On oocyst morphology alone the distinction between E. cylindrica and 
E. ellipsoidalis seems weak, but Wilson (1931) presented additional evi- 
dence which indicates that E. cylindrica is ^probably a valid species with 
pathogenic potentialities. The oocysts described by Wilson for the spe- 
cies measured 19,4 to 26.8 (average 23.3) p long by 11.9 to 14.9 (average 
13.3) p in transdiameter, and were less resistant to freezing temperature 
and sporuiated faster than oocysts of either or E. bovis. He 

recovered typical cylindrical oocysts in pure discharge from a calf from 
the eleventh to the tw^entieth day after experimental dosage, and noted 
that the feces were streaked with blood on the sixth day after dosage, 
indicating possible pathogenicity for this species. Additional experi- 
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mental work is needed to determine accurately the mean size a ad range 
in size of oocysts of E. cylindrica, and to clearly diderentiate tliis S 3 )ecies 
from the earlier described E. ellipsoidalis. Until more inif)rmatliion is 
available, it seems advisable to retain the name E. cylindrica the 
oocysts in question. 

Eimeria aubnrnensis Ghristensen and Porter, 1939 
(Plate I, 9, 10; Plate 11, 21, 22) 

Unsporulated oocysts: Oocysts 32 to 45.5 (average 38.4) long' by 25.5 
(average 23.1 in transdiameter. Shape typically elongated ovoidal, varyiiiig be- 
tween snbellipsoidal and markedly tapered; 0.48 to 0.76 (average 0.60) as brrtjoad as 
long. Micropyle a gap in wall at tapered end, covered with a thin, black lime: which 
possibly represents an operculum. Wall t 3 ''pically smooth, homogeoeous, traas.parent. 
and usually noticeably yellowish-brown in tint, but varying in structure imrn the 
usual transparent, homogeneous type to a relative^" rare, semi-transparent, lueavily- 
mammillated type, with all iiitergradations of wall roughening between tn two 
extremes; the smooth-walled variants were found in more host animals and ttisiially 
in greater numbers than the rough-walled variants. 

Sporulation: In 4 trials at room temperature 91 to 100 per cent oi tlie 0-ocysts 
sporulated complete^" within 48 to 72 hours after isolation into a drop of cSftan tap 
water. 

Relationships: The oocysts of E. aiibuniensis are differentiated frotn iltese of 
E. bozis by their greater size, more intense coloration, relatively narrower and more 
elongated form, and in their tendency toward the development of the nia-nnwil lations 
in the wall. They differ from those of E. bnkuhwnensis in having a thinmSf wall 
paler brownish tint, greater transparency, shorter sporulation time, ixlatirdj nar- 
rower form, and by the occasional formation of the mammillated wall riiey a re dis- 
tinguished from oocysts of E. thmiethi in having a smaller average size ami thinner 
w^ll, and in not showing the transverse striations in the wall as reported for (tiocysts 
of E. thianethi by Gwelessiany (1935). 

Occtirrence : Oocysts of K aulntnumsis were frequently found in sisisill er mod- 
erate numbers in feces from healthy calves. The smooth-walled variants Occurred 
more frequently than the rough -walled forms, which were relatively rare. 

This species was described in detail by the writer and Potter (1939) 
from oocysts found in feces from several calves from Alabama and sii few 
fecal specimens obtained from Maryland and Montana. In additiion to 
the morphological evidence they presented for the separate kleati.ty of 
E, aubnrnensis, these writers infected a calf with a pure culture (£ pre- 
dominantly rough-coated oocysts of the species and produced a pr ofuse 
diari'hea from the 9th to 13th days after dosage, followed by heav); dis- 
charge from the 24th to the 27th days after dosage of otjcysts shewing 
uniformity in size, shape, color, and sporulation time, and showing a com- 
pletely intergrading series in wall structure from homogeneous to heu vily- 
mammillated. The potential pathogenicity of the species was shorn by 
the production of scours in this experimental infection. 


Eimeria alabamensis ii. sp. 

(Plate I, 5; Plate II, 15, 16) 

Unsporulated oocysts: Oocysts 13 to 24 (average 18.9) p long b}' 11 to Pi faver- 
age 13.4) p in transdiameter; 7 to 48 consecutive oocysts measured froni each of 10 
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fecal samples from 4 host animals, dimensions being based on a total of 200. Shape 
typically pyriform, but showing considerable variation (Fig. 1, C-K) ; subellipsoidal 
and subcylindrical oocysts occur throughout entire range and intergrade perfectly 
with the majority that are distinctly tapered at one end; asymmetrical forms com- 
mon in heavier discharges ; 0.50 to 0.86 (average 0.71) as broad as long. No micro- 
pyle perceptible. Wall thin, delicate, homogeneous, transparent, slightly thinner at 
narrow end; oocysts appear colorless and crystalline under low magnification, but 
under oil immersion the wall is observed to have a grayish-lavender to pale brownish- 
yellow tint, fading to light yellow at narrow end. Early spherical sporont shows 
layer of retractile granules in regular arrangement about periphery, giving a beaded 
appearance (Fig. 1, G). 

Sporulation: In 5 trials at room temperature freshly discharged oocysts re- 
quired 96 to 120 hours for complete sporulation after isolation into clean tap water, 
82 to 100 per cent completing the process during this interval. Characteristic of 
this species was the presence of a parachute-shaped cap at each end of the sporocyst 
immediately preceding segmentation of the protoplasm into sporozoites (Fig. 1, H). 


Fig. 1. A, B, oocysts oi Eimeria subspherica^ showing range of variation in 
shape. C-K, oocysts of E. alabamensis, showing range of variation in shape. Photo- 
graphed by Dale A. Porter. 

These cap-like structures disappeared upon completion of sporulation. A sporulated 
oocyst contained 4 elongated, gently tapered sporocysts, each having 2 indistinct 
sporozoites. No residual material was observed in either oocyst or sporocyst. 

Reiationships: In shape the typical oocysts of E, alabamensis resemble those of 
E. bovis, but in mean size they are significantly smaller and sporulation under stand- 
ardized conditions requires 48 hours longer. Subellipsoidal or subcylindrical oocysts 
of this species resemble the oocysts of E. ellipsoidaU^ or E, cylindrica in color, size, 
and shape, but are easily distinguished from them by requiring at least 48 hours 
longer for sporulation. After remaining for 24 hours in a hanging drop of the 40 
per cent sugar solution used for flotation, the delicate 'walls of oocysts of this species 
were crumpled, while those of oocysts of E. bovis, E. eUipsoidalis and E. cylindrica 
remained intact. 

Occurrence: Oocysts of E. alabamensis werQ found in small or moderate numbers 
in feces from several healthy Alabama calves, in one fecal specimen being the only 
oocysts present. 
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Eimeria subspherica n. sp. 

(Plate I, 1; Plate II. 11) 

Unspomlated oocysts: Oocysts 9 to 13 (average 11 )p long by 8 to 12 (average 
10.4) f.i in transdiameter; 5 to 30 consecutive oocysts measured from each of 11 fecal 
samples from 6 host animals, dimensions being based on a total of 115. Shape typi- 
cally subspherical, varying from spherical to bluntly ellipsoidal (Fig. 1, A, B) ; 0.75 
to 1.00 (average 0.94) as broad as long. No micropyle visible. Wall thin, homoge- 
neous, transparent, of uniform thickness throughout ; oocysts appear pale and color- 
less under low magnification, but the wall shows a faint yellow tint under oil immer- 
sion. These are pallid, fragile oocysts, and the smallest observed from calves in 
Alabama. 

Sporulation: In 5 trials at room temperature freshly discharged oocysts of this 
species required 96 to 120 hours for complete sporulation after isolation into clean 
tap water, 86 to 98 per cent of them completing the process within this interval. In 
drops containing both oocysts of this species and of E, elUpsoidaiis, those of the latter 
had completely sporulated before those of E,, sitbspherka had developed beyond the 
spherical sporont stage. A sporulated oocyst of E. subspherica contained 4 pale, 
spindle-shaped sporocysts each having 2 indistinct sporozoites. No residual material 
was observed in either oocj’-st or sporocyst. 

Relationships: Morphologically these oocysts may be confused with subspherical 
oocysts in the small range of E, ellipsoidalis and with smaller oocysts of E. ssurnii, 
but they may be differentiated from these forms by their more fragile appearance, 
more delicate wall, and by requiring 48 hours longer for complete sporulation under 
standard conditions. After remaining for 24 hours in a hanging drop of the 40 per 
cent sugar solution used for flotation, the walls of these oocysts were crumpled, while 
those of E. ellipsoidalis in the same preparations remained intact. 

Occurrence: Oocysts of E, subspherica were found in fecal specimens from 6 
healthy calves in the vicinity of Auburn, Alabama, never in large numbers. In one 
fecal specimen tliey were the only oocysts present, and in another sample at least 95 
per cent belonged to this species. Oocysts of E, subspherica were the only oocysts 
in addition to those of E. surnii in the feces of a calf that died of coccidiosis at the 
age of 5 weeks. 

IDENTIFICATION OF OOCYSTS OF BOVINE COCCIDIA 

III identification, freshly discharged oocysts were found to be most 
typical of a species in color and shape, and for this reason the uiisporn- 
lated oocyst is emphasized in this paper. An additional advantage in 
obtaining fresh fecal specimens was that preparations could be made for 
determining sporulation times of oocysts, which provided valuable infor- 
mation in differentiation in certain cases. On the basis of morphology 
of unsporulated oocysts and on sporulation times under standardized 
conditions, oocysts of bovine coccidia from Alabama calves fell into 9 
more or less well-defined groups, 7 of these belonging to established spe- 
cies while 2 are, as already stated, apparently new. In cases where mor- 
phological intergradation occurred, differences in sporulation time were 
helpful in final differentiation. These groups of oocysts constituted 
recognizable entities from host to host. 

On gross examination, typical oocysts of species of bovine coccidia 
observed in Alabama were colorless (E, subspherica n. sp., E. mirnli, E, 
alabamensis n. sp., E, ellipsoidalis, and £. cylindrka) ; almost colorless to 
pale yellowish- or greenish-brown (£. bovis) ; pale to noticeably yellow- 



CHRISTENSEN— COCCIDIA FROM DOMESTIC CATTLE 215 

ish-brown (£. canadensis^ E, auburnensis ) ; distinctly yellowish-brown 
to brown (E. hiikidnonensis) . In shape the oocysts were subspherical 
(£. subspherica, E, mmm) ; ellipsoidal (£. ellipsoidalis, E. canadensis) ; 
cylindrical (£. cylindrica) ; stoutly ovoidal to pyriform (£. aiabamensis, 
E. bovis, E, btikidnonensis) I elongated ovoidal {E. auburnensis) . 
Colorless oocysts were smallest in size, tinted ones larger, although under 
oil immersion even the smallest oocysts were observed to have some 
color in the walls, usually varying from pale lavender to light yellow. 
The wall was homogeneous, thin and transparent in all species except 
jE. auburnensis and E. bukidnonensis; the heavily-mammillated wall ob- 
served in the rough-coated variants of E, auburnensis presented a semi- 
opaque appearance, although in most oocysts of the species the wall was 
smooth ; the wall in oocysts of £. bukidnonensis was relatively thicker 
than ill any other species and has been described as radially striated, but 
this was not marked in specimens observed in this study. All oocysts 
of bovine coccidia known at present are without polar caps, and micro- 
pylar openings were seen only in the larger oocysts. Only in oocysts of 
E. alabamensis did the undivided, spherical sporont have a characteristic 
appearance, the refractile granules arranging themselves in a bead-like 
layer about the periphery preceding division. 

After freshly discharged oocysts were isolated into small identical 
amounts of clean water to standardize the environment and were incu- 
bated at room temperature, it was found that the time required for com- 
plete sporulation varied considerably among the oocysts of different spe- 
cies, There was some indication that oocysts of £. cylindrica sporulated 
fastest of all, finishing the process within 24 to 48 hours, although the 
number of tests with this form was too few to be conclusive. Repeated 
tests showed that characteristic sporulation times for oocysts of the other 
species were 48 to 72 hours {E, jeurnii, E, eUipsoidalis, E, bovis, E, 
auburnensis) -,72 to 96 hours (£. canadensis) ; 96 to 120 hours (£. sub- 
sphcrica, E, alabamensis) ; 96 to 168 hours (E. buhddnonensis) , These 
sporulation periods, which were found to be constant for a species once 
standardized conditions were established, provided valuable accessory 
information in differentiating oocysts of E. subspherica from subspherical 
£, ellipsoidalis, E. alabamensis from £. bozds, and E, canadensis from 
E. auburnensis. 

In the sporulated oocyst there was little to assist in the differentiation 
of species. None of the oocysts showed oocystic residual material after 
sporulation; the presence or absence of residual material inside the sporo- 
cysts could not be determined with certainty in smaller oocysts and did 
not seem to constitute a good differential character. Dimensions of 
sporocysts were not considered diagnostic and were omitted, since their 
size is a function of the size of the oocyst. 
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Although the 9 groups of oocysts described here as species are 
recognizable from morphological and physiological characteristics, there 
is limited clinical and experimental evidence which indicates that certain 
of these are probably well-defined species. The frequent association, 
alone or with few oocysts of other species, of the subspherical oocysts 
described for E. surnii with bloody diarrhea in calves indicates that prob- 
ably this is a well-defined species with marked pathogenicity. Wilson 
(1931) recovered oocysts of E, cylindrica in pure discharge from an 
experimentally infected calf, and the potential pathogenicit}' was indi- 
cated by the appearance of blood-streaked feces on the sixtli day after 
dosage. Tlie writer and Porter (1939) showed that E. aubnjiioisis is 
capable of pathogenic activities by producing severe diarrhea lasting for 
several days in a young calf b}^ inoculation with a pure culture of infec- 
tive oocysts. 

Oocysts of the species of Eimeria described in this paper may be dif- 
ferentiated with the aid of the following key : 

Key to Oocysts of Eimeria Found in Calves 

1. Relatively small and colorless ; without perceptible micropyle 2 

Relatively large and tinted; micropyle a gap in wall at one end of cjocyst 6 

2. Typical oocysts subspherical or spherical 3 

Typical oocysts pyriform, ellipsoidal or cylindrical 4 

3. Relatively small; 9 to 13 p, long; pallid, thin- walled, delicate; 96 to 120 hours 

required for complete sporulation E. subspherica n. sp. 

Larger; 15 to 22 p, long; more conspicuous and crystalline in appearance; 48 to 72 
hours required for complete sporulation ........... E. surnii (Rivolta, 1878) 

4. Typical oocysts distinctly pyriform, but varying from subellipsoidal to subcylin- 

drical ; 13 to 24 p long ; pallid, thin-walled, delicate ; peculiar parachute-shaped 
caps at ends of sporocysts preceding sporozoite formation; 96 to 120 hours 

required for complete sporulation E, aialmmensis n. sp. 

Typical oocysts regularly ellipsoidal or cylindrical ; more conspicuous and less 
fragile than oocysts of E. alabamensis S 

5. Majority of specimens regularly ellipsoidal, varying from spherical to nearly 

cylindrical; 12 to 27 p long; 0.62 to LOO (average 0.77) as broad as long; 48 
to 72 hours required for complete sporulation. 

E. elUpsoidiilis Becker and Frye, 1929 
IMajority of specimens regularly cylindrical, varying from ellipsoidal to narrowly 
cylindrical; 16 to 27 p long; 0.50 to 0.77 (average 0,60) as broad as long; 4*8 
hours or less required for complete sporulation. .... E. cylindrica Wilson, 1931 

6. Typical oocysts regularly ellipsoidal, with some slightly tapered or nearly cylin- 

drical forms in range of variation; 28 to 37 p long; wall homogeneous, delicately 
yellowish-brown; 72 to 96 hours required for complete sporulation. 

. ^ " E, canadensis Bruce, 1921. 

Typical oocysts tapered toward micropylar end . ...... . . ... 7 

7. Wall distinctly thickened and yellowish-brown to dark brown in color, these being 

the most intensely tinted oocysts noted from bovines; 33 to 41 p long; pyri- 
form ; 96 to 168 hours required for complete sporulation. 

F.' 6K/ji<f;rouc«.?Lr.Tubangui, 1931 
Wall not distinctly thickened or so intensely tinted; 48 to 72 hours reciuired for 
complete sporulation . 8 

8. Typical oocysts stoutly egg-shaped or ovoidal ; 23 to 34 p long ; almost colorless 
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to pale greenish- or yellowish-brown ; wall smooth and homogeneous in all 

specimens E. hovis (Ziiblin, 1908) 

Typical oocysts elongated ovoidal; 32 to 46 p. long; pale to distinctly yellowish- 
brown; wall typically homogeneous, but variants occur having numerous, small, 
rounded mammillations in the wall. 

E. aubiirnensis Christensen and Porter, 1939 

SUMMARY 

Nine groups of coccidial oocysts of the genus Eimeria were found in 
feces from healthy and scouring calves in Alabama, seven fitting the 
descriptions of established species while two appeared to have been previ- 
ously undescribed. These oocysts were differentiated largely on the 
basis of morphology and sporulation times under standardized condi- 
tions. The oocysts redescribed as E. mirnii, E. bovis, E. canadensis, E. 
Imkidnoncnsis and E. aubiirnensis appeared to represent fairly well-de- 
fined groups. Morphological intergradation was noted between oocysts 
answering the descriptions for E. ellipsoidalis and E, cylindrica, but 
other evidence is presented which indicates the probable specificity of 
these two forms. Further information, however, is needed to con- 
clusively determine the validity of E, cylindrica, the more recently de- 
scribed of the two species. Two new species, E. alabamensis and E. sub- 
spiierica:^, are described from oocysts which appear to be sufficient!}^ dis- 
tinct from all other bovine coccidia to waiTant specific identity. The 
names £. bovis and E. canadensis were considered valid and were re- 
tained to define oocysts later described as E. smifhi and E, surnabadeiisis, 
respectively, which were reduced to synonymy. 
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Explanation OF Plates 
Plate I 

These figures of oocysts of bovine coccidia were drawn with the aid of a camera 
luclda from specimens that had been discharged from the host animals long enough 
to allow the protoplasm to assume spherical shape. Size relationships are preserved. 
The projected scale shows dimensions in microns. 

1. Eimeria suhspherica, 

2. E. snrnik 

3. E. ellipsoidalis. 

4. E. cylindrica. 

5. E. alahamcnsis. 

6. E. bukidnoncnsis. 

7. E. bovis. 

8. E, canadensis. 

9. E. auburnensis^ specimen with homogeneous wall. 

10. E, auhurnensis, specimen with mammillated wall. 


Plate II 

These photographs of oocysts of bovine coccidia were made from temporary 
mounts of specimens floated and mounted in 40 per cent sugar solution. Size rela- 
tionships are preserved. Photographed by Dale A. Porter. 

11. Eimeria siibspherica, unsporulated. 

12. E. unsporulated. 

13. E. ellipsoidalis^ unsporulated. 

14. E. cylindrica, unsporulated. 

15. E. o/a&awcn.sf.s’, unsporulated. 

16. E. alabamensis, elongated specimen undergoing sporalation, showing char- 
acteristic parachute-shaped caps at ends of sporocysts preceding segmentation into 
sporozoites. 

17. E. bovis, unsporulated. 

18. E. bukidnonensis, unsporulated specimen showing characteristic thick wall. 

19. E. unsporulated specimen with regularly ellipsoidal shape. 

20. E. slightly tapered specimen undergoing sporulation. 

21. E. smooth- walled specimen undergoing sporulation. 

22. E. atiburnensis, xmsyomldiiQd with heavily -mammillated wall. 
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I CORALLOBOTHRIUM PARVUM N. SP., A CESTODE 

I FROM THE COMMON BULLHEAD, 

i NEBULOSUS Le SUEUR=^ 

I John E. Larsh, Jr. 

I Corallobofliriun parzmm n. sp. is a tapeworm found in the small 

! intestine of bullheads, first taken in these fish from Black Lake, in the 

I Douglas Lake region of Michigan, the summer of 1939. They were 

I later found in bullheads from southern Illinois. 

I Fritsch (1886) set aside this genus to accommodate a species of ces- 

! tode, C. solidum, from Malapterurus electric us, an electric catfish of 

Egypt. Fritsch chose this name, Corallobofhritimy because he thought 
the scolex resembled an Oculina-like coral. Until the work of Riggen- 
I bach (1896), no other species was referred to this genus. In this work, 

Riggenbach gave the name Corallobothrmm lobostmi to a cestode from 
Pimelodus pati, a siluroid of Paraguay. However, Fuhrmann (1916), 
; in redescribing this tapeworm, disclosed the fact that some of the genital 

! organs were situated in the cortical parenchyma. This fact alone left 

i Fuhrmann with the task of removing this worm from the genus Cor alio- 

bothrium, since all proteocephalids have the entire genital arrangement 
confined to the medullary parenchyma. Therefore, Fuhrmann created a 
new genus for this worm, namely, Ritdolphiella. Fuhrmann and Baer 
(1925) reduced RudolpkieUa to synonymy and placed Rtidolphiella 
lobosum Fuhrmann in the genus Ephedrocephaliis. Woodland (1925, 
part II) proposed to delete such genera as Corallobothrmm, Choanoscolex, 
Acanthoiaenia, Goeseela, and Gongesia, since these groups had been set 
! aside primarily on the basis of the character of the scolex. Woodland 

gives only secondary importance to this character. Space does not per- 
mit one to present evidence for and against the retention of this genus. 
I Elowever, on the basis of the arguments voiced by Essex (1927) , Meggitt 

\ (1927), and Harwood (1933), and since there is as yet no reliable sub- 

] stitute I propose to follow Braun (1895)^ La Rue (1914), Fuhrmann 

(1916), Ward (1918), and other later writers in accepting the genus 
Corallobothrium on the basis of the unusual scolex and the new species 
described in this paper has been referred to that genus. 

I Corallobothrium parmim n. sp. 

(Figs. 1-8) 

; specific diagnosis: Tetraphyllidean cestode with characters of the family 

; pROTEOCEFHALiDx\E aiid the genus Corallobothrmm. Length 3.2 mm to 4.2 mm; 

j 

f '^ Contribution from the University of Michigan Biological Station and the 

Zoological Laboratory of the University of Illinois. The writer is greatly indebted 
to Dr. Lyell J. Thomas for his guidance and helpful criticism in this work. 
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breadth 526 to 683 Pruglottids six to nine, anterior ones wider than long, posterior 
one longer than wide. Scolex globular, 582 to 631 p in diameter, four suckers 
situated on the anterior surface surrounded by many irregular folds and lappets of 
tissue (Fig. 6) ; no rostellum; neither hooks nor spines, genital pores peripheral, 
irregularly alternating. 

Ovary ventral, follicular. Vitelline ducts anastomose anterior to the ovary. 
Shell gland rosette-shaped, surrounding the ootype. Uterus branching with seven 
villiform diverticula. Seminal receptacle absent. 

Male reproductive system dorsal to that of the female. From eighteen to 
twenty-five spherical to oblong testes in the medullary parenchyma. Cirrus pouch 
marginal, irregularly alternating in the anterior fifth of the proglottid, dorsal to the 
vagina and longitudinal excretory vessels. Vas deferens, at the level of the cirrus 
pouch, a compact mass of many coils. White colored eggs with three membranes, 
18 to 26 p in diameter, when mature. Procercoid in Cyclops; plerocercoid in the 
intestine of Glaridichthys talcatus and Ameiuriis nehuhsus. 

Type host: Ameiurus. nebulosiis Le Sueur, the common bullhead. 

Habitat: The small intestine. 

Type locality: Douglas Lake, Cheboygan County, Michigan. 

Type specimen : B, A. I. and U. S. Nat. Museum Helm. Coll. No. 36714. 

EXTERNAL MORPHOLOGY 

These tiny, white cestodes are found attached to the upper end 
of the host’s small intestine in the duodenal region (Fig. 1). Although 
the strobilization is not perfectly distinct, one is able to detect six or seven 
proglottids in the chain. Among more than one hundred adult specimens 
measured before and after fixation, 4.2 mm is the average length recorded. 
In these, the mature proglottids are about 736 p long by 526 p wide. The 
segments in the anterior portion are always wider than long, but 
proceeding posteriad the* length gradually increases at the expense of the 
width. Thus the posterior proglottids are longer than wide. 

The form of the scolex is highly variable owing to different states of 
contraction (Fig. 2). * In living specimens, the size varies from 472 to 
578 p long by 582 to 631 p wide. The four, strongly muscular suckers 
are directed anteriorly and are more or less concealed by the folds of the 
scolex. There is no rostellum or rudiment of a fiftli sucker revealed in 
various sets of sagittal and transverse sections. The neck, as seen in 
sagittal sections, is about 65 to 83 p long and 485 p wide. It is not easil}^ 
recognized in much contracted toto mounts. 

The cuticula comprises the external body covering. L<iyers of longi- 
tudinal and circular muscles are present. The inner longitudinal muscle 
sheath is exceptionally well developed in the strobila (Fig. 4). These 
inner muscular layers make up the boundaries of the medullary paren- 
chyma. The nervous system consists of a ring and two nerve trunks. 
The former is situated in the median region of the scolex. Arising from 
the lateral portion of the ring, two trunks pass off parallel to the ascend- 
ing excretory vessel and follow a course along the inner margin of the 
longitudinal muscle layer. The excretory tubules are easi!}^ seen in sec- 
tions of immature proglottids. There are four principal longitudinal 
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trunks which are located in the lateral regions of the medullary paren- 
chyma almost parallel to the longitudinal nerve trunk of each side. In 
the scolex, these tubules interlock to form a lattice-like network. 

INTERNAL MORPHOLOGY 

A common genital atrium occurs on the lateral margin in the anterior 
fifth of the proglottid. For the most part, the character and arrange- 
ment of the reproductive organs is almost identical with that of other pro- 
teocephaiids. The entire reproductive system lies within the medullary 
parenchyma, a constant character of the members of the family Proteo- 
CEPHALIDAE. 

In the male system, the testes are observed to be varied in shape due to 
pressure exercised by surrounding structures (Fig. 4) . The majority are 
elliptical and measure from 29 to 34 p in diameter. From 18 to 25 are 
present in a single proglottid. They are present in a continuous field 
between the vitellaria, extending from the anterior margin of the pro- 
glottid posteriad to the level of the ovary. The vas deferens is prominent ; 
and, at the level of the cirrus pouch, forms a compact mass of many coils 
that extend almost the entire distance between the vitellaria in the 
medullary layer. The cirrus pouch is elongate-oval when the cirrus is 
inverted. At this time, the pouch measures from 136 to 138 p long by 
45 to 48 p in greatest diameter. 

In the female system, the vagina opens into the genital sinus ventral 
to the cirrus. The position of the vagina at this level is almost always 
posterior to the cirrus pouch. From this level, the vagina passes later- 
ally to an almost median position. From here, it proceeds posteriorly 
to the region of the genital complex (Fig. 7). The follicular ovary is 
present in a horizontal anchor arrangement and is situated in the posterior- 
most region of the proglottid. Along the median line, the vitelline ducts 
anastomose anterior to the ovary. The vitellaria are compact masses 
extending in two lateral I'ows from the anterior to the posterior margin 
of the proglottid. Surrounding the ootype is the so-called shell or Mehlis 
gland with its characteristic globular cells. The uterus, in matiu'e and 
ripe pruglottids, is composed of seven or more lateral pouches which give 
the entire proglottid a wrinkled appearance internally. This structure, 
in ripe proglottids, almost completely fills the inter-proglottidal space. 
It extends laterally to the vitellaria and from the anterior margin to near 
the level of the ovarian isthmus. It opens to the exterior through several 
uterine pores which fuse into a slit-like cavity in spent proglottids near the 
ventral median line (Fig. 1). 

THE hlFK CYCLE 

Obsenfations of the Egg: After the tapeworms were removed from 
the small intestine, they were placed in tap water. This change in pres- 



224 


THE JOURNAL OF PARASITOLOGY 



sure brought about an expulsion of thousands of eggs. The mature egg 
is rather small ; the size of twenty-three in the first dish was from 18 to 
28 jj in diameter (Fig. 8). The eggs are white and have three membranes. 
The onchosphere lies beneath the third membrane and may be seen extend- 
ing and withdrawing its hooks. 

The First Intermediate Host: A plankton net was used to collect 
various species of copepods from Douglas Lake. These were placed, 
a few at a time, in a watch glass that contained a small amount of 
w^ater. A microscopic examination was made to determine whether they 
were parasite-free. The non-infected ones were introduced into Petri 
dishes with the infective tapeworm eggs. In a few minutes, it was ob- 
served that many Cyclops feasted on these eggs. Twice daily, these cope- 
pods were examined for evidence of infection. On the third day, it was 
observed that the onchosphere had gained access to the body cavity of 
several Cyclops. On the eighth day, the body cavity of Cyclops prasinus 
was found packed with procercoids (twelve in one case). These first 
larval forms measured, on the average, 342 p long by 112 p wide. Aside 
from their constant movement and the presence of calcareous bodies, there 
was not much detail to be detected (Fig. 5). The packed condition 
also made it difficult to define the individual boundaries. 

The Second Intermediate Host: Small tropical fish, Glaridichthys 
talcaHis, were used in an experiment to determine if these larval forms 
would go through another intermediate host. The infected Cyclops were 
placed ill a finger bowl with these small fish. In a little while, the fish 
had ingested eleven Cyclops. Three days later, plerocercoid cysts were 
discovered in the intestinal mucosa and in the body cavity. On an aver- 
age, these encysted forms were about 158 p long by 189 p wide. It is not 
known, as yet, whether this phase of the cycle is a necessary one or 
merely a storage place for the larval forms until they can be taken by the 
definitive host. Lack of material did not allow this determination. 
Until otherwise ascertained, however, it must be assumed that this phase 
is needed. Hence, it is called the second intermediate host phase in con- 
trast with the unnecessary phase which is termed the auxiliary host phase. 

The Definitive Host: Seven tropical fish, Glaridichthys talcatus, in- 
fected with plerocercoids, w’-ere placed in a small aquarium with tw^elve 
bullheads (about four inches long) which had been purposely starved for 
some time. The bullheads immediately feasted on these smaller fish. 
After four days, three bullheads were dissected. The intestine of each 
fish showed several plerocercoids (Fig. 3). Three of the remaining 
nine bullheads dissected three days later w^ere found to be infected. The 
bullheads used in this experiment were taken from a collection of fifty, 
thirty-three of which were found by dissection to be uninfected. Of the 
seventeen bullheads remaining from the original collection of fifty, twelve 
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were selected for this experiment and were presumably uninfected; at 
least, an infection could be superimposed in this case. The plerocercoids 
recovered here were opaque, and the body resembled a cone. The cal- 
careous bodies were less numerous than in the procercoid. Aside from 
this fact and the adult-like condition of the scolex, no other noteworthy 
facts were observed. 

The cycle was thus experimentally completed in about fifteen days. 
From infective eggs to procercoids in the Cyclops about eight days; from 
procercoids into plerocercoids in the second intermediate host about three 
days; transfer of plerocercoids into the definitive host about four days. 

Indications are that other new tapeworms of this interesting genus 
occur in bullheads that are found in the Douglas Lake region. The 
present research indicates that ample material will be available. There- 
fore, further research may provide additional data. 
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Explanation of Plate 

All figures are camera lucida drawings unless otherwise stated. Tlie projected 
scale for Figs. 2, 3, 4, 5, 6, and 7 equals 0.03 nim ; for Fig. 1 equals 0.20 mm ; and 
for Fig. 8 equals 0.002 mm. 

Fig. 1. Free hand drawing of the adult worm. 

Fig. 2. Dorsal view, toto mount of scolex. A.F.A. fixation. 

Fig. 3. Dorsal view of plerocercoid extracted from the intestine. 

Fig. 4. Cross section through cirrus pouch. 

Fig. 5. Free hand drawing showing dorsal view of Cyc/o/^s infected with pro- 
cercoids. 

Fig. 6. Sagittal section through scolex showing portions of the excretory ducts 
and the fringed margin of the scolex. 

Fig, 7. Free hand drawing of mature proglottid, toto mount, ventral view. 

Fig. 8. Free hand drawing of infective egg soon after laying. 





DESCRIPTION AND EXTRAMAMMALIAN LIFE OF 
CRENOSOMA MEPHITIDIS N. SP. (NEMA- 
TODA) IN SKUNKS 


M. Hobmaier 

George Williams Hooper Foundation, University of California, 

San Francisco, California 

A Crenosoma was found in Spilogale gracilis phenax Merriam and 
Mephitis occidentalis Baird captured in San Francisco and Marin County, 
California. The parasites inhabit the bronchi below the bifurcation ; 
some may be found on the mucous membrane of the trachea, 

Crenosoma mephitidis n. sp. 

(Figs. L2) 

Male: 8 to 9 mm long and 0.30 to 0.35 mm wide. There are about 20 distinct 
cuticuiar folds over a region of about 1 mm of the body length. Parallel longi- 
tudinal ridges extend over the entire surface of the cuticle, but gradually decrease 
in distinctness toward the posterior end of the parasite. Esophagus club-shaped, 
350 to 375 ^1 long and about 75j.i wide at its greatest diameter, being only half as 
•wide at its junction with the intestine. A festoon of esophageal cells is inserted into 
the intestine. Excretory pore opens, about 90 to 100 p. behind head region. \^entral 
to esophagus and intestine are two large cucumber-shaped cervical glands measur- 
ing over 1 mm in length. Intestine fairly straight tube, wider than the esophagus. 
Bursa well developed (Fig. 1), measuring outspread 300 p. Width of body of the 
parasite above ventral rays 150 p. Bursa notched at the ends of the ventral, postero- 
lateral and dorsal rays. Rays springing from stout bases and well developed. 
Ventral rays only partially divided. Ventrolateral stouter and longer than the 
ventroventral. Externolateral closely situated to medio- and posterolateral, as is 
the externodorsal. Externolateral and externodorsal of similar appearance ; both 
end near margin of bursa. Mediolateral and posterolateral divided about half their 
lengths. Dorsal simple. It shows at least 2 minute papillae distally. Spicules 
equal in size, not over 380 p long. Viewed dorsoventrally they appear straight ; 
laterally seen they are slightly bent proximally. Tapering distally they end in a 
small knob. Both spicules closely situated together, covered by a delicate cuticuiar 
sheath, strongly connected by a chitinized thorn with a bifurcated 90 p long ac- 
cessory piece. 

Female: about 18 mm long and 0.6 to 0.7 mm wide. Cuticuiar folds extend 
over an area of 2.60 to 2.75 mm. Size, structure and accessories of esophagus 
similar in both sexes. Vulva opens about 1 mm above equator of body length. 
Opening of vulva simple retraction of cuticle without appendices. Vagina slightly 
chitinized, inserted at the middle of the kidney-shaped ejaculatory duct, Ovejector 
parallel to longitudinal axis of body; other parts of genital organs double as usual. 
Tail (Fig. 2) 140 to 150 p long, pointed, 2 minute lateral papillae 20 p distant from 
tip of tail. The thin-shelled, colorless eggs 72 p in length and 36 p in width. They 
contain fully developed fir.st stage larvae. 

Host: Spilogale gracilis phenax Merriam, and Mephitis occidentalis Baird. 

, Location: Bronchi. 

locality Francisco and Marin County, California. 

Type specimens: Hooper Foundation, San Francisco. 

Received for publication, August 6, 1940. 
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Comparing this Crenosoma with other known species in the tabulation 
given by Buckley (1, p. 236) there are differences noticeable. Its simi- 
larity, however, to Crenosoma vulpis is manifest. Differences between 
both are seen in the slightly larger size of the Crenosoma of the skunk, 
especially in the female, in the presence of cervical glands, and in the 
'position of the anus closer to the tip of the tail. The rays extend nearer 
to the border of the velum, and this parasite is not strictly viviparous. 
Further investigations possibly may show that presence of cervical glands 
and deposition of embryonated eggs are generic in Crenosoma. 

DEVELOPMENT OF INFECTIVE LARVAE 

Larvae still enclosed in the eggsliell become livelier as the egg moves 
to the stomach. The shell becomes softened and is extended and retracted 
by the movements of the larvae. The shell is finally dissolved without 
residue. Larvae, as a rule, are freed at their arrival in the small intes- 
tine. They are easily demonstrable in stools and they may be isolated 
by the filter method (2). 

Newly hatched larvae (Fig. 3) measure alive 270 to 305 p in length 
by a maximum width of 14 p. The esophagus is 110 to 120 p long and 
6.5 p wide near the posterior end. The genital primordium is situated 
at the middle of the intestine. The length of the pointed tail is about 35 p. 

Larvae may be kept alive in water for several weeks, if the tempera- 
ture is below 15° C and putrefaction is strictly avoided. Dried on glass 
slides, a few larvae revived in water after 5 to 6 weeks. 

As in the case of Crenosoma vulpis (3) a great variety of slugs and 
snails are found to serve as intermediate hosts. Infective stages could 
be raised in different species of Limax, AgrloVimax, Milax, Helix and- 
in Epiphragmophoi'a at our disposal. The larvae are seen enclosed in 
nodules embedded in the foot of the mollusks, as well as in internal 
organs. 

The infective larva is 525 to 560 p long and 25 to 29 p wide. In a 
larva (Fig. 4) 525 p long the esophagus measured 210 p. There seem 
to be two lips forming the anterior end. A small buccal capsule leads 
into the chitinized muscular part of the esophagus, which is 55 p long. 
The glandular part, ISO p long, show^s no special bulb formation, becom- 
ing gradually wider nearing the junction with the intestine. The excre- 
tory pore opens 135 p behind the anterior end. The width of the para- 
site at the junction is 25 p, near the middle of the body it is 29 p, from 
which it decreases gradually tow'ard the anus. The tail measures 43 p 
in length. The larva tapers less posteriorly than it does anteriorly and 
ends in a minute spine. The intestine is connected with the anus by a 
cuticular rectum 18 p in length. The genital primordium is visible in 
the middle of the length of the intestine. 
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Formation of infective stages requires from .4 to 5 weeks. Two molts 
are observed during this development and as usual none of the sheaths 
is shed. There is evidence that larvae with two sheaths are not neces- 
sarily infective, as demonstrated by the following observation: Tissues 
of infected intermediate hosts were exposed to artificial digestion. In- 
vestigation of the fluid about half an hour later disclosed the presence of 
freely moving unsheathed larvae, apparently representing fully developed 
infective stages. There were, however, also dead larvae encountered 
enclosed in two sheaths. The latter seemingly were not able to with- 
stand digestion, having not yet attained their full development. This 
simple method of determination of the viability of third stage larvae may 
occasionally be useful in place of tedious feeding experiments. 

The Pacific garter sndke, Thamnophis sirtalis infernalis Blainville, 
was found to serve as a natural auxiliary host. Parasitic tubercles, even 
visible to the unaided eye, may be seen coveidng the outside of the stom- 
ach and of the intestine. Microscopic investigation reveals their pres- 
ence in even larger numbers in and under the mucous membrane of both 
organs. Few nodules only are encountered in the body cavity. No 
alteration of the parasites was seen in a snake kept in captivity for 12 
months. Practically no calcified nodules were found in all the 38 snakes 
naturall}^ infected. It is likely that the difference in localization of the 
parasitic cysts is caused chiefly by the increasing tissue resistance built 
up with the progressing age of the snakes. Other poikilothermous ani- 
mals, namely frogs, toads and lizards, could be artificially infected. The 
larvae were found chiefly in and under the mucous membrane of the 
stomach. The intestine itself contained the parasites in lesser numbers. 

’ Skunks kept in the animal house lost infections after several months, 
but infections of Crenosoma mephitidis and of Shrjabingylus chitw 
orufn still persist in skunks living in pens outdoors since 1935. This is 
explained by the possibility of reinfections in the pens. 

Control of Crenosoma has to take in account the possibility of spread 
of the parasite by poikilothermous animals. This may be of concern in 
comhdLting Crc?nosoma zmlpis on iox iarms. 
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Crenosoma mcphitidis n. sp. 

1. Posterior end of male. 

2. Posterior end of female. 

3. First stage larv-a. 

4. Third stage larva. 





EXTRAMAMMALIAN PHASE OF PHYSALOPTERA 
M AXILLARIS MOLIN, 1860 (NEMATODA) 

M. Hobmaier 

George Williams Hooper Foundation, University of California, 

San Francisco, California 

Freshly deposited eggs contain, as already known, a fully developed 
larva which does not hatch outside the intermediate host. No opercula 
are visible on the eggs. The vitelline membrane, however, becomes dis- 
solved at the poles of the egg under the influence of digestive juices and 
calottes of the thick outer eggshell consequently become detached. The 
middle part of the eggshell, shaped like a barrel with slightly fringed 
edges, remains unaltei'ed. This procedure takes place in fertile eggs as 
well as in sterile ones. The larva takes no part in liberating itself. 

Living first stage larva are from 275 to 310 p long and about 15 p 
wide. Slightly attenuated anteriorly they end in a small cap-like head 
structure. Posteriorly they taper slowly but continuously to end in a 
pointed simple tail. The esophagus is 110 to 130 p long. The excre- 
tory pore opens 75 to 90 p behind the anterior end of the body. Be- 
neath the pore a transparent vesicula may be seen. The tail is about 
35 to 50 p long (Fig, 1). 

Further development of the larva is similar to that of Physaloptera 
iurgida (1). The cockroach, R/a/^//a germanica, was used as inter- 
mediate host. To keep and to raise cockroaches cages or containers may 
be used and water may be provided as described in Galtsoff et al (2). A 
piece of crumbled paper placed into the containers serves as hiding place. 
Dry sugar is given as only food. This arrangement prevents mold for- 
mation, requires a minimum of care, and provides satisfactory conditions 
for parasitic experiments. Moldy water or food may develop an asper- 
gillosis in the cockroaches, which causes the inner organs, together with 
the parasites present, to undergo dry necrosis. 

Infective larval stages are attained in from 4 to 6 weeks. Their final 
sizes vary from 1.8 to almost 3 mm in length by a maximum width of 
120 p. These differences are due only in part to age and sex. The fol- 
lowing observation may explain part of the phenomenon : Esophagus and 
intestine appear usually as a fairly straight tube. Occasionally, how- 
ever, the cuticle expands insufficiently. Consequently, the esophagus is 
bent S-shape and the intestine folded. Such larvae, of course, remain 
in measurements below their actual sizes. One or more larvae may be 
found enclosed in colorless cysts according to the severity of the infec- 
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Pbysaloptei'a maxillaris 

1. Freed first stage larva. 

2. Third stage larva. 

tion. Some of the cysts may show a golderirbrownish color similar to 
that of the ciiticle of the cockroach, with or without destruction of the 
enclosed larva. In lungworm larvae in snails, where we observed similar 
colorations occasionally, pigmentation may be observed beginning in the 
larval sheath prior to or in the process of molting. 

Larvae fed to larvae of TenehHo moUtor were found six weeks later 
in the abdominal cavity. They had died without further dei^elopment 
and were intensely brownish colored. Such pigmentations as observed 
in Blatella and Tcnebrio were absent in the natural intermediary host 
Stenopelmatus longispina, Brunner. It is concluded that pigmented 
incrustations result from host tissue reactions following invasion of less 
suitable intermediate hosts by parasites. 

Third stage larvae of Physaloptera (Fig. 2) are readily distinguish- 
able from similar stages of other nematodes in cockroaches by the char- 
acteristic formation of their head parts. As in adult Physaloptera these 
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• are already triangular ill outline. The delicate structure of two lips with 

! teeth, papillae, and even amphids are already discernible. In a living 

I larva, 2.13 mm long with a maximum width near the esophageal junction 

i of 110 p the proesophagus was 170 p long, the postesophagus 670 p, 

I the intestine 1.13 mm, the tail 160 p. The distance from the anterior 

f end to the nerve-ring measured 150 p, to the excretory pore 180 p. The 

I horseshoe-shaped genital primordium w^^as situated just anterior to the 

middle of the intestine. The tail ended bluntly. 

: No parasites were found on examination 6 weeks after having fed 

^ infected cockroaches to cats, dogs and guinea pigs. Adult stages of 

: Protaspirura muris, on the other hand, w^ere obtained under similar con- 

ditions in guinea pigs, and subsequent infections of intermediate and of 
^ final hosts could be carried out. 
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EXTRAMAMMALIAN PHASE OF SKRJABINGYLUS . 
CHITIVOODORUM (NEMATODA) 

M. Hobmaier 

George Williams Hooper Foundation, University of California, 

San Francisco, California 

This nematode has been reported and described recently by Hill (1) 
as a parasite of Mephitis mesomelas mesomelas. Hill gives the size of 
the female parasite as 29 mm by 660 p. We found fully grown specimens 
42 mm long and 8S0 p wide in infections of Spilogale gracilis phenax 
Merriam and MepMtis occidenfalis Baird, observed in the bay region 
of San Francisco, California. Collection of the parasites is facilitated 
by resecting the roof of the frontal sinus — ^their natural habitat— and 
then submerging the skull in water. Most of the nematodes will volun- 
tarily emigrate into the water under this condition. The nematodes 
withstand bursting by osmosis for several days. The larvae in the uterus 
remained alive and freely moving during this time. Larvae dried on 
blotting-paper did not revive after two days. 

First stage larvae are discharged with the feces. In post mortems 
they may be recovered from the inner surfaces of the entire respiratory 
and digestive tract. No expulsion of larvae by nose was seen. Demon- 
stration and collection of these and similar larvae from stools may be 
facilitated by the use of the following method: Feces are comminuted in 
water and strained into a glass jar. Its top is now covered with three 
to four layers of gauze. A funnel closed on its end with an adjustable 
glass tube is filled with water to receive the inverted glass jar. After 
standing undisturbed for a few hours the larvae present will collect in 
the adjustable glass tube in a fairly clean condition (2). 

Larvae measured alive (Fig. 1) were 410 to 450 p long with a width 
of 13 p to 15 p at the esophageal junction. The larva tapers continu- 
ously and not abruptly behind the tail to end in a short spine. Neither 
stained nor unstained specimens revealed distinctive features of the head 
parts. Granules partly cover intexmal structures of the larva. The 
esophagus is 160 to 180 p long, widening distally to a small bulb about 
10 p in width. The excretory pore opens approximately 100 p distant 
from the head region, just below the nerve ring. The genital primor- 
dium is situated near the middle of the intestine. The tail measures 
about 43 p in length. The larvae are livelier and taller than those of 
Cren'Osonia:^' 

Third stage larvae developed in all the slugs and snails available at 
the time of the experiments, namely : Lfnxa.r maxmuts, L. cinereus, L, 
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flaviis, L. niger, Agriolimax agrestis and Milax sp., while Epiphrag- 
viophora and Helix pomatia seemingly were less favorable hosts. The 
larvae are enclosed in tubercles situated mostly in inner organs of the 
mollusks. The foot region seems to be a less favored site of invasion. 
Infection seemingly takes place by active invasion of the foot as well as 


Skrjabingyhis chitwoodorum 

1. First stage larva. 

2. Third stage larva. 

following intake of food. The latter conclusion is based on the observa- 
tion that the intestinal wall itself occasionally becomes heavily infected. 
The larvae often liberate themselves during investigations, abandoning 
nodules and sheaths. Once freed they show great agility. Preliminary 
experiments indicate that the route of immigration in final hosts simply 
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follows the nasal passages. Almost instant liberation and great activity 
of the larvae are necessary to achieve this goal before the infected food 
has beet! swallowed. The thorough mastication of the food noted in 
skunks facilitates freeing of the larvae. 

The larvae are considerably longer and wider than those of Creno- 
soma (Fig. 2). They measure (alive) 830 to 850 jj in length, with a 
maximum width of 36 p behind the esophageal junction. The esophagus, 
about 290 p long, is club-shaped, becoming only moderately wider dis- 
tall}^, without presence of a distinct bulb. The excretory pore opens • 

approximately 110 p behind the head region. The parasite is more 
attenuated anteriorly than it is posteriorly. The tail is only 40 p long. 

The genital primordium is situated on the intestine near its middle meas- 
uring about 30 p in length. The straight intestinal tube is connected 
with the anus as usual by a short cuticular rectum. 

No adult stages could be raised in experiments on four guinea pigs, 
two ferrets, three dogs and three cats. In mice and rats some of the 
larvae could be recovered from the wall of the stomach and its mesen- 
teries. The ’larvae disintegrated, however, during the second or third ; 

week. , 

Natural infection l)y third stage larvae was observed in the Pacific 
garter snake, ThamnopJils sirtalis injernalis (Blainville). Localization 
of the larvae was similar to that of Crenosoma, Frogs could be artifi- 
cially infected. Poikilothermous animals therefore serve as intermediate 
hosts, and rats and mice may serve occasionally as accidental transitory 
carriers of infective stages. For identification of the snake I am in- 
debted to Dr. C. M. Wheeler. From autopsies it was learned that the 
main food of the Pacific garter snake consists of slugs. Lhnax flaviis, 
the largest and most common slug of the San Francisco region often i 

formed its exclusive stomach content. J 
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THE SPECIFIC STATUS OF MONILIFORMIS (ACANTHO- 
CEPHALA) OF TEXAS RATS, AND A REVIEW OF 
THE SPECIES OF THIS GENUS IN THE 
WESTERN HEMISPHERE 


Asa C. Chandler 

Biological Laboratory, Rice Institute, Houston, Texas 


The writer (1921) reported the common occurrence of a species of 
Mordliformis in various species of Rattiis, particularly R. alexandrinus, 
in Houston, Texas and expressed uncertainty as to the relationships of 
these worms to various previously described members of the genus, both 
in this country and in Europe. Van Cleave (1925), after examination 
of some of the Texas forms and comparison of them with specimens from 
various other parts of the world, came to the conclusion that they be- 
longed to the type species, M, monUiforvms (Bremser, 1811), and that 
there was only one other valid species in the genus, if. clarki (Ward, 
1917) from American squirrels and a mole. Meyer (1933) reviewed the 
genus again and recognized no less than nine species. He considered 
the Texas form distinct and named it if. duhius/m'id also considered a 
form from Brazilian rats, reported by Travassos (1917), as distinct and 
named it if. frazmssosi. Another form, obtained from the droppings of a 
Brazilian vampire he also recognized as a separate species, if. convolutus. 

Since the Texas form has been extensively studied by the writer and his 
students since 1921, and since there were certain errors in the original 
account of it which have influenced Meyer in his taxonomic conclusions, 
and have been widely quoted by other authors, it is desirable to amend 
the account and bring it up to date, and to discuss the specific status of this 
and other iVmerican forms. 

The body length of mature female worms was given in 1921 as 140 to 
270 mm and of mature males as 30 to 45 mm. V an Cleave (1925) made 
a point of the body size in distinguishing Jlf . moniUformls from the smaller 
ilf. clarki A Study of the host-parasite relations of the Texas worais by 
Burlingame and Chandler (1940) showed that body size is enormously 
influenced by the age of the worms, the number of worms harbored, the 
presence of worms from a prior infection, the position of the worms in 
the intestine of the host, and the host itself, even within a single species 
(albino laboratory rats). The size of sexually mature worms may vary 
from 60 mm for females and 30 mm for males in 7-week-old worms in 
secondary infections, to 320 mm for female and 145 mm for males in 6- 
month-old light primary infections. Unless the history of an infection is 
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known, therefore, body size cannot be given much weight in separating 
species. 

It is otherwise with the size and structure of the proboscis. This organ 
is fully developed in the infective larva before infection of the final host, 
and so is not influenced by the factors which determine body size. Some 
variation may occur due to contraction, and some invagination of the tip 
of the proboscis may be overlooked, but in specimens with the proboscis 
fully extended the variations due to contraction are slight. In measure- 
ments of a large number of the Texas worms, including both infective 
larvae from the bod}?' cavity of roaches and adult worms from the intestines 
of wild rats and of experimentally infected albino rats, the length of the 
proboscis varies from 550 to 640 g ; it is occasionally almost cylindrical in 
lai'vae, but in adults is always somewhat spindle-shaped, with the maxi- 
mum diameter about one-third to one-half the distance from apex to base. 
Measurements of proboscis diameter in numerous specimens fall within 
the following limits : near apex, behind first row of hooks, 160 to 175 p ; 
maximum diameter, 190 to 240 p ; base, 160 to 185 p. 

The number of longitudinal and transverse rows of hooks is sometimes 
difficult to determine, since the arrangement is not quite regular. There 
are, however, in all specimens I have examined, larva or adult, 12, 13, or 
14 longitudinal rows, with usually 10 or 11 hooks in each row, rarely 9 or 
12, making a total of about 125 to 145 hooks. Both my 1921 description 
and Van Cleave’s 1925 description are erroneous with I'espect to this 
particular character, although Van Cleave’s figure is correct. 

The size of the eggs, if they are fully mature, varies between 112 and 
125 p in length and betw’een 55 and 62 p in diameter. The thick inner 
shell measures 85 to 90 p by 36 to 38 p, and the embryo itself, enclosed in 
the egg, 78 to 85 by 28 to 30 p. 

Some preliminary attempts (Chandler, 1921) to infect cockroaches 
were reported negative, but since then we have had no difficulty in obtain- 
ing development in Periplanefa americana, and find a high percentage of 
naturally infected roaches in places where infected rats are known to 
occur. This coincides with Travassos’ (1917) observations in Brazil, 
and it is probable that the larvae described by Southwell (1922) from 
roaches from Gold Coast, Africa, belong to this species. 

If the characters of the proboscis and eggs of this form are compared 
with those given for the type species as determined by Meyer (1933) for 
some of Bremser’s original material, the following differences are noted: 
(1) the proboscis is much larger, and is spindle-shaped rather than club- 
shaped; (2) there are 10 or 11 instead of 7 or 8 hooks in each of the 12 
to 14 longitudinal rows; (3) the hooks are larger and do not gradually 
diminish posteriorly, although those near the base of the proboscis are 
smaller than the others; (4) the dimensions of the ripe eggs are from l^- 
to 2 times greater. 
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There can be little question that these differences are of specific value. 
Since the Texas form is also distinct from M, clarki, which more closely 
resembles M. momliformis than it does our worm, and since it does not 
appear to be specifically identical with any of the other forms described 
prior to 1933, Meyer’s name dubius appears to be valid. There are, how- 
ever, no specific points of difference, as Meyer thought there were, be- 
tween this worm and the one described from rats in^Brazil by Travassos 
(1917), so M. travassosi Meyer, 1933, is considered a synonym of diihkts. 
M. dubius has also been reported by Yaniaguti and Miyata (1938) from 
rats on ships in Japan. Tubaiigui’s (1931) description of Moniliformis 
from Raftus norvegicus in the Philippines leaves little room for doubt 
that he also was dealing with M. dubius. The Moniliformis recorded from 
Rattus spp. in Sydney, Australia (Johnston, 1918), Canton, China (Chen, 
1933), Washington, D. C. (Price and Chitwood, 1930), and Baltimore, 
Md. (Luttermoser, 1936), all recorded as M. momliformis, are probably 
also M. dubius. This species appears to have a world-wide distribution, 
having been spread by its cosmopolitan, sea-going intermediate and 
definitive hosts, whereas the other species may have much more restricted 
ranges. 

It is probable that clarki is a valid species, although in many respects 
it close!}' resembles moniliformis; it has a more slender proboscis and a 
larger number of hooks, according to Van Cleave’s figure. Meyer’s 
coiwoluitis is in most respects very close to dubius but differs in that the 
proboscis Iiooks have forked roots (see Meyer, 1931, fig. 250) . 

Sandground (1926) reported the presence of juvenile forms of MonilL 
fori ids in toads and lizards in Central America. Sandground aSwSumed 
that these were incidental parasites but that they had taken up a truly 
parasitic existence, since many were firmly attached to the walls of the 
intestine. He remarked that the worms had attained a stage considerably 
in advance of those previously described from cysts of insects, but this is 
only because fully developed larvae had not been described up to that 
time. The photomicrograph of a larva oi M. dubius from a cockroach 
in Burlingame, and Chandler (1941) and the drawing of it in Chandler 
(1921) represent a larva in the same stage of development as the male 
larva figured by Sandground. When larvae of ilf . dubius were fed to 
toads in our laboratory, however, no temporary attachment of the para- 
sites occurred, so it is possible that the toads and lizards may have some- 
thing more than an accidental relationship to some Central American 
species of the genus. 

Altliough Sandground referred these young worms to the species 
moniliformis, it is evident that they cannot belong to that species, since the 
proboscis hooks are of different shape, size and arrangement, and the 
proboscis more slender. These characters also distinguish it from both 
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clarki and dubius. It will probably proA^’e to belong to a ncAV species of 

which the adults have not been found. 

In summary the genus MonUijormis is represented in the Western 

Hemisphere by the following species : 

M, clarki, in Sciurus, Citellns and Scalopus, in Midwestern States of 
North America. 

M, dubius (syn. AI. travassosi) in Rattus spp., cosmopolitan. 

M. convolutus, in Vampyrus, in Brazil. 

M. sp., juvenile, in toads and lizards, in Central America. 
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AVIAN TOXOPLASMOSIS WITH INVASION OF THE 
ERYTHROCYTES^ 

Reginald D. Manwell 

Toxoplasma is a genus of parasites about which very little is known. 
Weiiyon (1926) groups them with several other genera as ^^parasites of 
doubtful nature’- and Sabin and Olitsky (1937) speak of the “as yet ill- 
defined group of Protozoa called ToxoplasmaT A few authors ques- 
tioned, at least until recently, the existence of the group at all. At present 
however more attention is being given Toxoplasma, partly because it has 
been shown that parasites belonging to this genus may cause encephalo- 
myelitis in man (Wolf, Cohen and Paige, 1939) and partly because the 
unpigmented or exoerythrocytic stages of malaria may bear a considerable 
resemblance to these forms, so that there has been some question as to 
whether the two stages of malaria found in the vertebrate host did not 
represent a mixed infection of malaria and Toxoplasma. 

The usual definition of Toxoplasma states that it is a genus of intra- 
cellular parasites, occurring in various types of leucocytes, in the body 
fluids, and even in other types of tissue, notably, in the endothelium. 
They may be found in large numbers in various organs, particularly in 
the liver, spleen, bone marrow’, lungs, kidneys and brain. The parasites 
themselves are small, and usually crescent-shaped. The accepted mode 
of reproduction is binary fission, although schizogony has also been 
claimed to occur.- 

In a recent paper Sabin (1939) suggests that “the capacity to multiply 
and to produce disease in a variety of hosts, including mammals and birds, 
must, in accord wdth the conclusions of Aragao (1933), be regarded as the 
chief taxonomic characteristics of the group. Morphology as the only 
guide can be misleading and confusing. . . But it seems to the author 
that to make the absence of a strong host-specificity the chief characteristic 
of a genus only adds to the confusion, for this is certainly a relative matter. 
It is surely conceivable that different species may exist in the genus, and 
that these are likely to vary in the degree of host-specificity they exhibit. 
For these reasons it seems better to base the identification of the avian 
parasites which have been classed as Toxoplasma on morphology than to 
regard them as something else because transmission to other hosts has not 
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- Raffaele (1932, Rlv. MalarioL 11) describes schizogony in avian toxoplasmosis, 
and figures a number of stages which appear to form parts of a rather complex life- 
cycle. Although it seems certain that he was dealing with parasites which others 
have called Toxoplasma it is clear that they were in fact different, for binary fission 
w^as apparently not observed. 
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yet been accomplished. The point may readily be conceded that as more 
knowledge of this group accumulates it may become desirable to change 
their taxonomic classification, even to the extent of regarding them as 
something other than protozoa. 

The present note is concerned chiefly with an infection with Toxo- 
plasma which was recently seen in an English sparrow, and which was 
unique in that invasion of the red cells occurred on a considerable scale. 
The diagnosis was made on the basis of the morphology of the parasites 
and their distribution in the organs. Neither any thing seen in the case 
itself, nor the results of subinoculation into canaries gave any reason to 
think the infection might have been mixed. The fact that the bird was 
only a fledgeling, not more than three or four weeks old, makes it still less 
likely that more than one species of parasite was concerned. It was also 
cleaidy an acute infection, and- the death of the bird two or three hours 
after being brought into the laboratory in a comatose condition suggests 
that this disease may be one of importance in nature, particularly in young 
birds. We have also observed many infections of toxoplasmosis among 
adult English sparrows, among which it seems to spread rapidly after 
they are brought into the laboratory and kept in relatively close quarters. 
Not infrequently the disease proves fatal, but there are often chronic cases. 

Autopsy of the bird showed a very dark and much enlarged liver, and 
a spleen of similar appearance. The latter looked much as it often does 
in an acute case of malaria. The volume was approximately 450 cmm, 
perhaps 20 times the normal size. Other organs were negative. Smears 
of different organs did not show large numbers of parasites except in the 
liver and spleen, where they were extremely numerous. No pigment 
was observed, a fact which is further evidence that there was no malaria 
present. 

The most interesting observation in connection with the present in- 
fection was the occurrence of the parasites within the red cells. In this 
situation they resembled malaria plasmodia markedly except that within 
the host cell the crescent shape was obvious, and pigment was lacking. 
In a few cases there were small granules which could have been mistaken 
for pigment (in Fig. 1, the arrow indicates such a granule). It was at 
first thought that the infection was either one of malaria, or a mixed infec- 
tion of malaria mid Toxoplasma. Examination of the organs showed 
that neither of these possibilities could be true, and despite hours of 
searching no parasites could be found in the blood (except in the leuco- 
cytes, or free) which were undergoing reproduction, or anything re- 
sembling schizogony. The staining reaction also differed from that seen 
in malaria in that it was more intense when Giemsa was used. 

The microphotographs in the accompanying plate show parasites in 
different situations or stages. Figs. 1 and 2 depict forms in erythrocytes. 
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The question might arise as to whether these parasites were actually in 
the cells, as they appear to be, or whether perhaps they were below or 
above the cell. It cannot be affirmed that they were in the cell and not 
on the surface, but they seemed as truly in or on the erythrocyte as are 
malaria plasniodia. This is indicated because they were more frequently 
found in such situations than chance alone would seem to justify, and 
especially since all parasites seen in red cells were in the cytoplasm only. 
Their outlines coincided with the cytoplasmic margin of the host cell, and 
none of the forms appeared to overlap the chromatin. If their location 
resulted from chance alone, it is clear that few would occur in situations 
which so definitely suggested parasitism. 

A further interesting observation was apparent schizogony, though 
no forms were seen in which this process had advanced far. Figs. 3 and 4 
show two such parasites, and Figs. 6, 7, and 9 three groups of young 
forms which suggest origin by schizogony, HoAvever, they may also have 
come from a single disintegrated host cell in which reproduction was by 
binary fission, and in the liver and spleen no mode of reproduction other 
than binary fission was observed. It is possible, in view of the occurrence 
of free forms in the blood, and such forms as those figured which have 
just been mentioned, that reproduction may occur in the plasma as well 
as in host cells, either by binary fission or, as just suggested, exceptionally 
by schizogony. 

i\lthough it seemed clear that there was no malaria present, five 
canaries were inoculated to make doubly sure, and also to test further 
the possibility that T o.xxrplasma could, be transmitted in this way if the 
dose was heavy enough. One of the five birds was inoculated intra- 
venously with heart blood, two with an emulsion of splenic tissue, and two 
with a similar emulsion of liver tissue. In all cases the tissue was mixed 
with isotonic saline citrate solution. After inoculation the birds were fol- 
low^ed by making blood smears every day or (after the first ten days) 
every two or three days. At death each was autopsied and organ smears 
examined. The results were completely negative as far as the possibility 
of malaria was concerned. 

Of the five inoculated birds, tw''o died within three days of the date 
of inoculation. The cause of death w^as uncertain, but it did not appear 
likely that it w^as due to Toxoplasma, unless in some way the bird was 
unusually sensitive to the organisms. One of these birds had received a 
massive injection of liver tissue wdiich was very heavily infected with 
parasites, and the other received an emulsion of lung. The latter con- 
tained a moderate number of parasites, though fewer than the liver. 

Two of the other three birds survived for about three w’eeks, and died 
apparently of a bacterial infection, presumably acquired from the injection. 
Both also sliowed Toxoplasma, but the infection was light and could 
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hardly have been responsible for their death. In one case a single para- 
site was seen, which in this instance was in the spleen; in the other there 
were scattered parasites in the lung and liver. The third bird is still alive 
and apparently in excellent health. 

The question arises as to whether the two birds which showed Toxo- 
plasma owed their infections to inoculation from the sparrow, or whether 
they might have already been infected. Herman (1937) reports a series 
of attempts to infect canaries from sparrows carrjdng T oxoplasma^ all of 
which were negative. Canaries inoculated from sparrows infected both 
with malaria and T oxoplasma in the author's laboratory at various times 
have never appeared to harbor anything other than the malaria plasmodia 
afterward. The two birds just referred to above would, however, prob- 
ably have continued to appear uninfected had autopsies not been made and 
organ smears examined. There is, therefore, the possibility that in the 
canary Toxoplasma does not ordinarily cause more than a mild, and 
transitory infection. It is true that Wolfson (1937) reported a number 
of successful transfers of Toxoplasma by inoculation of infected tissue 
from a canary infected with it to other canaries, and in her experience all 
successful transfers resulted fatally. Since these birds were also infected 
with Plasmodium cathemermm, however, and since this species exhibits 
exoerythrocytic schizogony, which stages at that time she regarded as" 
''Toxoplasma-like parasites" (Hegner and Wolfson, 1938), it is possible 
that these infections were not true Toxoplasma. 

There is another possibility, viz, that canaries are quite commonly 
infected with Toxoplasma when secured from the breeders, or after being 
kept in the laboratory for a time. Such infection, if mild, would escape 
notice since it is rather exceptional to see infected cells in the blood, but 
it might be sufficient to protect the birds against further infection. The 
evidence for such an assumption is the frequency with which bodies are 
found in the lungs, sometimes free, and sometimes within mononuclear 
cells, which bear a considerable resemblance to Toxoplasma. Kikuth 
has referred to them as ‘‘Einschlusse" (Kikuth, 1937; Kikuth and Mud- 
row, 1938) and the present author has called them “x" bodies (Manwell, 
1939) . They have the appearance of parasites, and although they do not 
look exactly like the usual avian type of Toxoplasma, they may well be 
related organisms if not another stage of the same parasite. Kikuth and 
Mudrow show a colored figure (Fig. 6) and a photomicrograph (Fig. 10) 
is given by Manwell (1938). Apparently no one has ventured to make 
any definite suggestion as to the real significance of these bodies, although 
they have been mentioned by others. They have been seen in both healthy 
and malarious canaries, and in wild birds. 

SUMMARY 

An infection of toxoplasmosis in a young English sparrow is reported 
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in which invasion of the erythrocytes was observed on a considerable 
scale. Since the bird was very young and since subinoculation of blood 
and organ tissue into canaries failed to reveal any evidence of mixed in- 
fection, it is believed that the case was one of iiifection oi Toxoplasma 
alone. The fact that the parasites occurred frequently in the red cells is 
of considerable interest since it has heretofore been regarded as typically 
a parasite of mononuclears, and of other types of phagocytic cells. A few 
forms were seen which were apparently undergoing schizogony, which it 
has been often thought does not occur in Toxoplasma. Two of the five 
birds inoculated with Toxoplasnia-hiitcttd material (blood in one case, 
and spleen in the other) showed scattered parasites at autopsy, but died 
of other causes. 

Reasons are suggested for believing that this may not have been a 
case of genuine transfer, and which may explain the failure of others to 
secure such transmission. 
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Explanation of Plate 

» 

Figs. 1 and 2. Erythrocytes infected with Toxoplasma. 

Fig. 3. A large macrophage containing what appears to be a schizont. 

Fig. 4. A similar schizont free in the blood. 

Fig. S. Numerous free forms such as this were observed in the blood smear. 
Note the typical crescent-like shape. 

Figs. 6 and 7. Groups of parasites like this were observed in a number of cases 
in the blood, and suggest origin from schizogony, although they may perhaps have 
come from a single multiply-infected cell. 

Fig. 8. ^ A lymphocyte showing the typical notched nucleus of such cells when 
infected \mt\\ Toxoplasma. 

Fig. 9. A group of parasites similar to those shown in Figs, d and 7. 

Fig. 10. From a liver smear. This figure and the one which follows show how 
numerous parasites were in these organs. 

Fig. 11. From a spleen smear. 

(Magnification 2000 x, except in Figs. 10 and 11, in which it is 1200 '''.) 

Microphotographs by Miss Stella Zimmer of the Department of Photography, 
Syracuse University Medical School. 







THE TREMATODE GENUS OTODISTOMUM IN 
NORTH AMERICA* 

Harley J. Van Cleave and Charles M. Vaughn 


University of Illinois, Urbana 

Otodistomiim is a genus of digeiietic trematodes (x\zygiidae) which 
I is widely distributed in elasmobranch fishes. The genus has long been 

known to occur in rays of both the Atlantic and Pacific coasts of North 
America, but the status of the species involved has been under discussion 
for some time. Representative collections from Raja stahuUjoris from the 
Isles of Shoals region oft* the New Hampshire coast and from Raja 
binoctilata from Pacific Grove, California, offered opportunity to restudy 
the characters which have been advanced by earlier workers for recogni- 
tion of species and varieties of Otodistomiim in North America. 

Stafford proposed the generic name Otodistomiim in 1904 for trema- 
todes which he identified as Otodistomum veliporimi (Creplin) from a 
barn-door skate of Canadian x\tlantic waters. Odhner (1911) called 
attention to tlie fact that the material which Stafford and several other 
workers had identified as 0. veliponmi was, accoi*ding to his interpreta- 
tion, a distinct species which von Beneden (1871) had named Distommn 
cest aides. 

Manter (1926) reviewed the literature and on the basis of a carefully 
worked out analysis on limited collections from xMaska and Maine con- 
cluded that both 0. velipormn (Creplin) and 0. cestoides (van Beneden) 
occur in the Nortli American fauna. After a review of the characteristics 
of these two species as given in the studies of European investigators, 
Manter expressed tlie belief that dimensions of the uterine eggs were 
about the only significant differences available for separating the two lots 
of material with which he was dealing, and which he assumed to represent 
0. cestoides and 0. velipormn. For the Pacific forms, which he identified 
as 0. vcliporum, he measured 50 eggs finding an average length of 85.5 p 
while his measurement for 0. cestoides from the Maine coast gave a range 
of 65 to 72 p for egg length with an average of 69.4 p. In support of his 
findings on egg size as a basis for diagnosis he stated (])age 41) : “This 
difference is real, constant, and significant. In no case did the egg size 
overlap between the two species,''' In the same paper (1926: 57) Manter 
summarized application of his taxonomic consideration of the two species 
of Otodistomum m the following words: “The egg size is the most certain 

Received for publication, September 11, 1940. 
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distinction between them/' In support of Manter’s conclusions, stand the 
earlier observations of Odhner (1911) who found 0. cestoid es eggs 65 to 
72 p by 43 p in diameter and 0. veUporim eggs about 86 p long. Differ- 
ences of this sort are not available for differentiating the two species in 
the original specific descriptions. As with so many of the species described 
by early workers/host and geographical distribution have been relied on to 
distinguish the two species of Otodistommn and to these have been added 
' the details not available to the original describers. Odhner and Dollfus 
(1937) have given most direct attention to the differentiation of the spe- 
cies and since they agree on host relationships of the species that have been 
reported from North America, the present writers accept their identifica- 
tion of the specimens from rays of the north Atlantic as Otodistomum 
cestoides. 

In this recent critical review of, the genus, Otodistomum^ Dollfus ac- 
cepted Manter's analysis of the, dimensions of the egg, and Odhiier's 
divergent evidences.' on thickness of the egg membranes. ' However,' 
Dollfus did not accept Manter's identifications of the species but con- 
cluded that all North American materials represent varieties of the 
species Otodistommn cestoides. For some reason not known to the 
present wTiters, Dollfus throughout his paper uses the generic name 
Otodistoma, This is apparently a lapsus for in the original article 
Stafford (1904) clearly designated 0^0£&loiirif?rPand this hame has been 
used regularly in the literature since that date. 

Relying on Manter's firm belief in egg size as discontinuous between 
two North American groups, Dollfus sought to add geographical limits 
■to the distribution, of varieties on this ' continent.' • Inliis^ key,,'he'desig- ,■ 
nated O', cestoides cestoides ocmningAn Raja and Chlmnydoselmkus 
of the north Atlantic and north Pacific (with California; 'included in, the' 
latter). He designated 0, cestoides InHajaM'.ihe' 

■north Pacific and cited' the State oi Washington and Alaska.' 'The egg 
measurements he obviously accepted directly from Planter's published 
observations. However, Dollfus (1937, footnote p, 431) did see material 
from collected at La Jolla, California (see 

Sleggs, 1927). Furthermore, he noticed that while eggs which he con- 
sidered as typical in this California material ranged from 68 to 73 p in 
length by 42 to 43 p in breadth, there were other eggs which he classed 
as atypical which measured only S3 by 34 p. Since he accepted Manter's 
evidence of discontinuity for the varieties which he designated as 0. 
cestoides cestoides and 0. cestoides pacificum, he concluded that both 
these varieties are to be found in the stomach of Raja binocidafa which 
occupies the Pacific coast from Monterey to Sitka. 

Linton (1901: 431) had recorded 0. veliporum from the barn-door 
skate of the Woods Hole region but in his final summary of his studies 
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on trematodes from fishes (1940: 107) he corrected the determination to 
0. cestoideSj adding several intermediate hosts and Raja diaphanes as ap- 
parently an accidental host. In his earlier observations, Linton cited 76 
by 52 p as egg measurements, while in his most recent work he gave 78 by 
SI p. Realizing that these measurements exceeded those recorded by 
Manter, Dollfus (still believing in discontinuous ranges in egg size) ca- 
pitulated with the statement, ''il est possible en effet que la longeur des 
oeufs depasse un pen 72 p.” 

An abundance of material of Ot odist omimi was collected from the 
barn-door skate (Raja stab tilif oris) at the University of New Hampshire 
Marine Zoological Laboratory on Appledore Island of the Isles of Shoals 
near Portsmouth, New Hampshire, in the summer of 1939. For com- 
parison with this material Dr. Hany G. Kimpel had collected a series of 
well preserved specimens from Raja hhwculata at the Flopkins Marine 
Station of Stanford University, located at Pacific Grove, California, during 
the summer of 1937. 

On preliminary examination of the material from California, it was 
noted that egg sizes were intermediate between the two distinct groups 
recorded by ilanter. In this connection it should be noted that the 
Alaskan materials studied by Manter were from the same species of host 
(Raja huiocidata) as the materials of the present study from Pacific 
Grove, California. The specimens from this same host from La Jolla, 
California, which Dollfus recognized as Otodistommn cestoides cestoides, 
are identical with the forms from Raja stabuliforis from Maine. Conse- 
quently our specimens from Raja biiiociilata from California were sub- 
mitted to Dr. Manter for identification. In commenting on this material 
by lettei', he mentioned the fact that though the material seemed to be 
identical with specimens which he had studied from Washington and 



Alaska, he had noticed that the eggs were smaller in our California ma- 
terial than in s|)ecimens at his disposal from farther north on the Pacific 
coast. 

A careful study of a good series of worms in the collection of the 
senior author has revealed a complete obliteration of the supposed dif- 
ferences between the eggs of what Dollfus has called 0. cestoides cestoides 
and 0. cestoides pacificuin as shown in Table 1. In securing information 
on the eggs, every effort was directed toward securing a fair sample. Ten 
well oriented eggs in the uterus of each mature worm were measured for 
length, diameter and thickness of the shell. Of the available mounfs 
from Raja binoculata of Pacific Grove, California, 18 were mature, pro- 
viding measurements for 180 individual eggs. Of the specimens from 
Raja stabuliforis of the Isles of Shoals, New Hampshire, 24 mature worms 
were used to .secure data on 240 individual eggs. 

A preliminary analysis of the measurements of entire worms used in 
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Table 1. — Comparisons of American collections of Otodistomtim 



Body length 
in mm 

, Eg 

g measurements 
in M. 


Range 

Average 

Length 

Diameter 

Shell 

thickness 

Range 

Average 

Range 

Average 

Range 

Average 

Host : Ra ja sta~ 





huUforis Man- 





ter, 1926 





(Maine) 

2.3-65 

69.4 

46.2 

4.5 

Linton, 1940 





(V^oods Hole) 

7.5-54 

ca 7S.0 

ca 51.0 

3.0 

Van Cleave and 





Vauglin (Isles 





of Shoals) 

6.9-30.2 21.14 

55-90 72.6 

36-58 ' 47.2 

3-4 3.6 

Host : Raja N- 





noculata Man- 





ter, 1926 





(Alaska) .... 


85,5 

57.8 

4.0 

Dollfus, 1937 





(La Jolla) .... 

ca 61 

53-73 

34-49 

2-5 

Van Cleave and 





Vaughn (Pacific 





Grove) 

23.9-69 43,98 

60-94 77.2 

40-70 52 

3-5 3.67 


this study seemed to indicate that while forms from the Pacific averaged 
longer than those from the Atlantic there was considerable overlapping in 
the ranges of the lengths. Further evidence of the instability of body 
length as a criterion for distinguishing varieties of Oiodistomtim is pro- 
vided by the fact that Manter secured series of worms from Raja sfabul- 
iforis off the Maine coast, but a short distance from the area from which 
our specimens were taken from the same host species, and his worms 
were distinctly larger than the ones which we studied. It may be that the 
length of the growing period in an alternate host influences the size of the 
mature trematodes in the definitive host. Additional evidence of indi- 
vidual variation in size is provided by the size at which individuals reach 
sexual maturity. Manter states that ‘‘sexual maturity is attained between 
body lengths of 10 and 15 mm'’ but in our collection from the Atlantic 
coast one individual 6.9 mm long had the uterus filled with eggs while 
two individuals 6.1 and 7.6 respectively had no eggs. Size at which indi- 
viduals of OtodistQnmm rt-SLch maturity shows great individuab variability. 

In an attempt to see if any correlation might exist between relative size 
of the mature worm and size of the eggs it contained, it was noticed that 
egg size was variable in all individuals regardless of the total iengtli of 
the 'worm and that both large and small eggs appeared without distinct 
segregation in animals of the various lengths. 

In an effort to find morphological features for distinguishing two spe- 
cies of Otodistomum in North American hosts, Manter reviewed the 
literature and made a careful search, but concluded that the tw'o forms 
from the Atlantic and the Pacific could be separated only on the basis of 
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discontinuous ranges of egg sizes. Since the present sei'ies of observa- 
tions on new materials from both coasts of North America show complete 
intergradation in egg size, this criterion no longer holds as the basis for 
separating two subspecies as proposed by Dollfus. Consequently, the 
present writers maintain that the American forms comprise a single highly 
variable species to which the name Otodistomimi cestoides should be 
applied. 
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THE SLENDER LICE OF x\MERICAN PIGEONS AND DOVES 
WITH DESCRIPTIONS OF TWO NEW SPECIES 


subspecies of pigeons and doves. Of these, only six are found in large 
numbers over any considerable areas north of Mexico. The writer had 
hoped to secure lice from at least these six before studying the group 
critically. However the past fifteen years have brought in lice from only 
five different kinds of pigeons and doves. It is hoped that the present 
report may help to focus attention on the parasites of these birds so that 
lice from the other species and subspecies will be collected. 

The slender lice of pigeons and doves at hand includes Esthiopterum 
columbae (Linn.) from the domestic pigeon and Esthiopterum baculoides 
(Paine) from the western mourning dove. Comparisons of these with 
lice from the eastern mourning dove, eastern ground dove and the band- 
tailed pigeon show that we must add two new species to those previously 
recognized. 

Ewing erected the genus Columbicola for the slender lice of doves and’ 
pigeons in 1929 almost solely on the basis of two pairs of spines on the 
dorsal surface of the clypeus of Esthiopterum cohmibae. He describes 
an anterior and a posterior pair. These spines are present on the four 
species to be discussed. However, Malcomson (1937) in describing Co- 
hmibicola extincta from the passenger pigeon states that the recurved setae 
(posterior spines) are not present. Until more lice from pigeons and 
doves can be critically studied to establish a more complete characteriza- 
tion of the group, the writer is considering Columbicola as a subgenus. 


Esthiopterum {Columbicola') passerinae n. sp. 

(Figs. 1-4) 

Female, Fig. 1. Body fox*ni and chaetotaxy as shown by Fig. 1, the outline of 
which is a tracing of a microprojection of the allotype. Head length of this specimen 
is .528 mm; head width across temples .251 mm. From these measurements other 
dimensions may be computed from the Fig. 

Male, Figs. 2, 3 and 4. Resembles the female in body form and chaetotaxj^ 
Is slightly smaller. Third segment of antenna with thumb-like projection. Termi- 
nal segments of abdomen differ from female as shown by comparisons of Figs. 1 and 
3. Following head measurements (in mm) are indicative of size and variation in 
the specimens available. 

Head length 489 .475 .482 .489 .475 .489 .475 

Head width 251 .238 .238 .251 .238 .238 .224 

Male genitalia, Fig. 4, consists of a basal plate to which the parameres appear to 
be immovably joined. Endomeres are distinct/separate and short. Preputal sac 
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riob. i-^4. izstntopteriim olimiuicola) passerinae n. sp. 

Fig. 1. Female; Fig. 2. Outline of head and antenna of male; Fig. 3. Pos- 
terior end of abdomen of male ; Fig. 4. Ventral view of male genitalia. 

or vesicula penis with a characteristic Y-shaped thickeniitg, the arms of which 
extend anteriorly to the endomeres and appear to articulate with them. 

Host: Eastern ground dove, Columbagallina passerina passe rina (Linn.) : 6 
males and 1 female collected by H. S. Peters at Auburn, Ala., April 4, 1936; 3 
males collected at Slocumb, Ala., by A. G. Watkins, Jan. 4, 1937, 

Types: The holotype male and the allotype are deposited in the Cornell Uni- 
versity Collection. Paratypes are deposited in the following entomological collec- 
tions : U. S. Nat. Mus., Washington, D. C.; Canadian National Collections, Ottawa, 
Canada; British Museum of Natural History, London, England; Stanford Univer- 
sity, Calif. ; Univ. of Minnesota, St. Paul, Minn. ; Tulane University, New Orleans 
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Tliis species is characterized by its small size and male genitalia. The 
posterior clypeal spines are thickest just above the base whereas in the 
other species to be mentioned with the exception of E. macrourae they 
tai)er evenly from the base. The posterior clypeal spines are markedly 
thicker than any part of the anterior clypeal spines and longer. This is 
in contrast to E. haculoides (Paine) in which the posterior clypeal spines 
are less thick than even the basal part of the anterior clypeal spines and 
])oth pairs of spines are very slender and hair-like and about equal in 
length. 



Figs. 5-8. Esthiopferum (Columbicola) macrourae n. sp. 

Fig. 5. Female; Fig. 6. Outline of head and antenna of male; Fig. 7. Pos- 
terior end of abdomen of male ; Fig. 8. Ventral view of male genitalia. 
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Bsthioptenim (Columhicola) macrourae n. sp, 

(Figs. 5-8) 

Female j Fig, 5. Body form and chaetotaxy as shown by Fig. 5, the outline of 
which is a tracing of a microprojection of the allotype. Head length of this specimen 
is .620 mm ; head width across temples is .264 mm. From these measurements other 
dimensions may be computed from Fig. 5. Following head measurements (in mm) 
are indicative of size and variability : 

Head length 620 .620 .620 .620 .634 .607 .620 .607 

Head width .277 .290 .277 .264 .277 .264 .264 ,277. 

Male, Figs. 6, 7 and 8. Resembles the female in body form and chaetotaxy. Is 
somewhat smaller. Third segment of antenna with thumb-like projection. Terminal 
segments of abdomen differ from female as shown by comparison of Figs. 7 and 5. 
Following head measurements (in mm) are indicative of size and variation : 

Head length 581 .581 .594 .554 .568 .581 .555 .554 

Head width 251 .264 .264 .238 .251 .264 ,251 .264 

Male genitalia, Fig. 8, consists of a basal plate to which the parameres are 
apparently fused. They have almost transparent lateral borders. Endomeres are 
elongated with thickened basal regions, extending medially and with mesal borders 
difficult to delineate. 

Host: Eastern mourning dove, Zenaidur a macro lira carolinensis (Linn.): 4 
males, 21 females and several young collected by T. F. Hall, Jr. Dec, 2, 1934; 8 
males collected by Ernest Beck Dec. 2, 1934; 5 males and 8 females collected by 
Ernest Beck Dec. 21, 1934. All were collected near New Orleans, La. 

Types: The holotype male and the allotype are deposited in the Cornell Uni- 
versity Collection. Paratypes are deposited in the following entomological collec- 
tions : U. S. Nat. Mus., Washington, D. C. ; Canadian National Collections, Ottawa, 





Fig. 9. Ventral view of male genitalia of Esthiopteruni (Colunibicola) colum- 
bae (Linn.), 

Fig. 10. Ventral view of male genitalia of Esthiopteruni {Colunibicola) 
haculoides (Paine). 
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Canada; British Museum of Natural History, London, England; Stanford Univer- 
sity, California ; Univ. of Minnesota, St Paul, Minn. ; Herbert Osborn’s Collection 
at Ohio State University, Columbus, Ohio; Tulane University, New Orleans, La. 


This species is characterized by its head being longer than that of any 
of the other species mentioned, its relatively narrow temples, and the male 
genitalia. The male genitalia of E, columbae, Fig. 9, is given for com- 
parison. The clypeal spines resemble E, passerinae but with a less notice- 
able enlargement near the base of each posterior spine. Anterior and 
posterior spines about equal in length. 

The slender louse of the eastern mourning dove has been reported by 
previous workers (Peters, 1933; Geist, 1931) as Esthdopterum cohmihae 
(Linn.) or Columbicola columbae (Linn.). Emerson (1940) reports 
Cohimbicola columbae from a mourning dove without mentioning the 
variety of mourning dove. 

It is expected that a critical examination of the specimens on which 
these reports were made would show them to be E. macrotirae , except 
possibly the Oklahoma record. The eastern and western varieties of 
mourning dove are both found in Oklahoma. 


DISCUSSION 


A peculiar host specificity is exemplified by these lice on pigeons and 
doves. E. columbae seems to be restricted to the domestic pigeon. The 
report of Lipeums bacillus Nitzsch, a synonym of E. columbae (Linn.) on 
Columhagallina passerina socorroensis Kellogg and Mann, 1912, is proba- 
bly an erroneous identification. It had been expected that the slender 
louse of the eastern and western mourning doves would be identical. 
Paine (1910) described £. baculoides from the western mourning dove. 
In this description he mentioned the absence of a thumb-like process on 
the third antennal segment of the male. The absence of this process 
mentioned in the description was questioned until the examination of a 
co-type loaned by the Stanford University Museum through the courtesy 
of Professor G. F. Ferris, showed the actual absence of this thumb-like 
appendage. The absence of this appendage was further checked by an 
examination of over 35 males collected from the western mourning dove 
at Pasadena, California, Aug. 21, 1937, by S. F. Wood. Paine's descrip- 
tion checks in ail details. Paine did not describe or figure in detail the 
male genitalia of E, baculoides, so, in order to complete the evidence for 
the separation of these two species, the male genitalia of Paine's species 
is illustrated in Fig. 10. The host relationships are further complicated 
by the fact that ten male and eighteen female lice, collected at Ojo de agua, 
Galeano, N. L. Mexico, Aug. IS, 1938, by H. Hoogstraal from Cohimba 
jasciata fasciata are indistinguishable from the liew Esthiopterum 
from the eastern mourning dove except for the clypeal spines 
which are like those of E. cohmtbae. 
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A comparative study of the male genitalia of the four species men- 
tioned above is particularly interesting. The parameres of all are spe- 
cialized in that they are immovably joined to the basal plate. The ]DOsition 
of other parts points definitely to the place of fusion, and E, baculoides 
shows a thin line only, separating the parameres from the basal plate. 
This thin line indicates the place of fusion rather than a functional joint. 
The endomeres are more variable, showing as two separate and distinct 
structures in E. passe rime from the ground dove, and as separate, poorly 
delineated structures fused to the sides of the preputal sac or vesicula penis 
in E. colitmbae. In E, macrourae from the eastern mourning dove and 
from the banded pigeon, they are elongate, showing a mesal development. 
In E. baculoides they have grown together medially and form a distinctive 
endomeral plate. 

Columbicola extincta was described by Malcomson (1937) from the 
passenger pigeon but the drawing of the male genitalia is not sufficiently 
clear to include it in the above comparisons. 
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OBSERVATIONS ON THE VIABILITY OF EGGS 
OF LUNGWORMS OF SWINE^ 


K. C. Kates 


Assistant Parasitologist, Zoological Division, Bureau of Animal Industry, 
U. S. Department of Agriculture 


Little information is available concerning the survival period of eggs 
of swine lungworms on and in soil and the effects on these eggs of various 
environmental factors. An investigation was undertaken, therefore, to 
ascertain (1) the survival time of lungworm eggs in feces located on or 
beneath the surface of soil outdoors; (2) the effect on the survival period 
of the eggs of vegetation growing on the infested soil; and (3) the effect 
on the eggs of high and low temperatures and drying. It was considered 
that information of this nature could be used to improve current recom- 
mendations for the control of lungworms in swine. 


EXPERIMENTAL PROCEDURE 


In the tests herein described eggs of two species of lungworms, Meta- 
strongylus elongatus and Choerostrongylus piidendotectiis, contained in 
feces of naturally infected pigs were used. The measure of the viability 
of the eggs was the ability of the contained larvae to infect susceptible 
earthworms species). Tests of the viability of eggs were 

carried out as follows : 

Feces containing the eggs were first thoroughly mixed with moist, 
helminthologically-sterile soil in the proportion of approximately 14 grams 
of feces to 100 grams of soil. The mixture of soil and feces was then 
placed in finger bowls and six to eight earthworms were added to each 
container. The soil-feces mixture was covered with moist absorbent 
paper and the dishes were loosely covered to prevent excessive evapora- 
tion of moisture ; the cultures were maintained at a temperature of 20° 
to 25° C for periods of 21 to 30 days. The earthworms from the cultures 
were then dissected, and the number of lungworm larvae present in the 
hearts and anterior portion of the digestive tract of each annelid was 
counted. The localization of the larvae in the latter region was described 
by Schwartz and Porter (1938). In cases where the larvae were massed 
in the hearts, the number was estimated as accurately as possible. 

In the tests of the longevity of lungworm eggs on and in soil under 
outdoor conditions, 2,000 grams of feces, containing approximately 1,000 
eggs per gram, were placed in each of eight unshaded plots prepared as 
follows: 
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* This investigation was carried out from June, 1938, to December, 1939, at the 
U. S. Department of Agriculture Beltsville Research Center, Beltsville, Maryland. 
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Plot 1 — Feces on top of soil kept free of vegetation 
Plot 2 — Feces on top of soil planted to barley 
Plot 3 — Feces 4 inches beneath surface kept free of vegetation 
Plot 4 — Feces 4 inches beneath surface planted to barley 
Plot 5 — Feces 6 inches beneath surface kept free of vegetation 
Plot 6 — Feces 6 inches beneath surface planted to barley 
Plot 7 — Feces 12 inches beneath surface kept free of vegetation 
Plot 8 — Feces 12 inches beneath surface planted to barley 
When the vegetation on plots 2 , 4, 6 and 8 died, these plots were 
reseeded. At intervals indicated in table 1 enough fecal material to fill 

Table 1. — Time lungworm eggs in feces on and in soil survived as detemnined by 
earthworm feeding tests on exposed eggs 

Eggs on and in bare (unseeded) soil 


Plot 




1 Earthworms examined 

num- 

ber 

Eoeation 
of eggs 

Bate 

sampled 

of exposure 

Number 

Larvae 

recovered* 

1 

On surface 

August 10, 1938 

Days 

32 

8 

’Number 
Less than 1 

1 

do 

August 31, 1938 

43 

5 

Less than 1 

3 

Buried 4 inches 

do 

43 

1 

21 

5 

Buried 6 inches 

do 

43 

5 

25 

7 

Buried 12 inches 

do 

43 

3 

182 

1 

On surface 

February 2, 1939 

198 

4 

0 

3 

Buried 4 inches 

do 

198 

3 

19 

5 

Buried 6 inches 

do 

198 

3 

26 

7 

Buried 12 inches 

do 

198 

3 

114 

1 

On surface 

May 5, 1939 

290 

3 

Less than 1 

3 

Buried 4 inches 

do 

290 

3 

11 

5 

Buried 6 inches 

do 

290 

3 

26 

7 

Buried 12 inches 

do 

290 

3 

I 55 

1 

On surface 

November 9, 1939 

381 

3 

0 

3 

Buried 4 inches 

do 

381 

3 

Less than 1 

5 

Buried 6 inches 

do 

381 

4 

1 

7 

Buried 12 inches 

do 

381 

3 

2 


Eggs on and in grassy (seeded) soil 


2 

On surface 

August 10, 1938 

32 

'4 

1 

2 

do 

August 31, 1938 

43 

7 

0 

4 

Buried 4 inches 

do 

43 

3 

133 

6 

Buried 6 inches 

do 

43 

5 

105 

8 

Buried 12 inches 

do 

43 

3 

32 

2 

On surface 

February 2, 1939 

198 

3 

0 

4 

Buried 4 inches 

do 

198 

3 

38 

6 

Buried 6 inches 

do 

198 

3 

82 

8 1 

Buried 12 inches , 

do 

198 . 

3 

105 

2 

On surface i 

May. 5, 1939 

290 

3 

1 

4 , 

Buried 4 inches 

do 

290 

3 

91 

6 

Buried 6 inches 

do 

290 

1 ' ■ 3 ■' 

114 

8 

Buried 12 inches 

do 

290 

^ 3 

160 

2 

On surface 

November 9, 1939 

381 

.. 3 

'O- 

4 

Buried 4 inches 

do 

381 

4 

■: 7.'.,' ■■■ 

6 

Buried 6 inches 

do 

381 

4 

■ '.S' ■' ■ 

8 

Buried 12 inches 

do 

381 

4 

0 




* Average per earthworm. 

without packing a 50 cc bottle was collected from each plot and the via- 
bility of the eggs ascertained by earthworm feeding tests. The sampling 
of the plots was terminated after 381 days as the fecal material in the 
plots had been largely exhausted by the sampling. 

Tests involving the efifect -of low temperature on the eggs were con- 
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ducted with 14-grani samples of feces in tightly closed sputum jars sub- 
jected continuously to temperatures from -8° to -20° C or lower for 
periods from 3 to 108 days. At intervals (see Table 2) samples were 


Table 2. — Effect of continuous free sing at temperatures of -8^ to -20° C on viability 
of lungworm eggs as determined by earthzmrm feeding tests 


Sample 

number 

Period of 
exposure 

Temperature 
of sample 
at removal 

' Earthworms examined 

Number 

Larvae 

recovered* 


Days 

OQ 


Number 

1 

3 

-11 

3 

230 

2 ' 

7 

-8 

4 

204 

3 

10 

-10 

3 

219 

4 

14 

-10 

. 2 

223 

5 

21 

-12 

3 

279 

6 

24 

™14 

4 

, 277 

7 

27 

-12 

3 

188 

8 

38 

-10 

6 

244 

9 

42 

-14 

4 

323 

10 

46 

-8 

3 

343 

11 

49 

-8 

3 

142 

12 

63 

-20 

8 

91 

13 

87 

-10 

.5 

99 

14 

108 

-14 

3 

8 

Control 

108 

2® C entire period 

5 

319 


Average per earthworm. 


removed, allowed to thaw at room temperature, and the viability of the 
eggs tested. A control sample maintained at a temperature of approxi- 
mately 2° C was tested for viable eggs at the same time as the last test 
sample. 

In the tests involving the effect of desiccation on eggs, S grams of 
feces were evenly spread on each of several 3-inch square glass plates, 
and the feces partially dried in a strong current of air ; the plates were 
then kept over calcium chloride in a partial vacuum for an additional 
period of approximately 6 hours to insure complete drying of the fecal 
material. Certain of these dried preparations were then subjected for 
varying periods to a continuous temperature of 17° to 22° C whereas 
others were subjected to a temperature of 37° C and still others to a 
temperature of 1° to 2° C. Control cultures were not subjected to 
desiccation. 

Tests of the effect of high temperature on the eggs were carried out 
as follows : 

Approximately 14 grams of moist feces containing eggs were tightly 
packed in each of a series of sputum jars that were tightly stoppered with 
corks each containing a thermometer for recording the temperature of 
the feces, and a capillary tube to permit escape of gases from the fecal 
material. The test jars were then immersed in a water bath held at 
the desired temperature. In some cases the jars were removed as soon 
as the temperature of the feces became equal to that of the water; tem- 
peratures of 40°, 50°, 55°, 60°, 65°, and 70° C were employed. In an- 
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other test, the jars were allowed to remain in the water bath for 10 min- 
utes after the temperature of the feces had become equal to that of the 
water; temperatures of 40^, 50°, 55° to 60°, and 65° to 70° C were 
employed. In all cases when the jars were removed from the water bath 
they were immediately immersed in ice water until the temperature of 
the feces was approximately 30° C; the viability of the eggs was then 
tested by earthworm feeding. Control cultures were kept at a tempera- 
ture of 25° to 30° C and were not subjected to higher temperatures. 

EXPERIMENTAL RESULTS 


The major results of these tests are summarized in Tables 1 to 3. 
The following brief presentation of the data will serve to point out some 
of the more outstanding facts elicited, and present certain data not 
summarized in tables. 

Length of Survival of Eggs on and in Soil of Bare and Grassy Plots 

The data summarized in Table 1-show that although the viability of 
the majoi'ity of eggs in feces located, on the surface of plots 1 and 2 was 
destroyed in 32 days or less, a small number retained their viability as 
long as 290 days. As can be seen from the data, there was no significant 
difference either in rate of death of eggs or in maximum length of survival 
of eggs between the seeded and unseeded plots. It may be concluded 
from this, therefore, that under the condition of the test the moderately 
heavy growth of vegetation present on plot 2 did not materially affect 
the time of survival of the eggs. 

In contrast to this the rate of death of eggs kept buried at varying 
depths beneath the surface (plots 3 to 8., inclusive) was noticeably less 
rapid during the first 290 days of the test. At this time the average num- 
ber of larvae recovered from earthworms fed eggs from the surface plots 
1 and 2 was one or less, whereas average infections of 11 to 160 larvae 
occurred in earthworms fed eggs buried to varying depths in plots 3 
to 8. Subsequent to the first 290 days of the test the buried eggs may 
have died rapidly as only slight infections resulted from earthworm feed- 
ings 381 days after the beginning of the test (Table 1). However, this 
may have been due in part to depletion of the fecal material in the plots 
as a result of the sampling procedure, since only relatively small amounts 
of the fecal material could be located at the time the last samples were 
taken. 

As adjudged by the results of the earthworm feeding tests carried 
out at 43, 198, and 290 day intervals on eggs in feces that had been kept 
buried 4 and 6 inches deep in plots 3 to 6, inclusive, the rate of death 
of eggs in the seeded plots was noticeably less rapid than in the unseeded 
plots. For example, in the first three feeding tests the average numbers 
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of larvae recovered from earthworms fed eggs from tmseeded plots num- 
bers 3 and 5 varied from 11 to 26, whereas the average infections in 
earthworms fed eggs from seeded plots numbers 4 and 6 varied from 
38 to 133 (Table 1). In the case of the seeded plots numbers 4 and 6 
the grass roots had penetrated into the fecal material rendering it less 
compact, and perhaps at the same time kept the moisture content more 
favorable for the survival of the eggs than w^as the condition in the 
unseeded plots. 

In the case of eggs in feces buried 12 inches in plots 7 and 8, a dis- 
tance too great for the grass roots to penetrate, no consistent difference 
was noted between the average infections of earthworms fed eggs from 
these plots at intervals throughout the test (Table 1). It is interesting 
to note, however, that during the first 290 days of the test the rate of 
death of eggs buried 12 inches was apparently less rapid than that of 
eggs buried 4 and 6 inches as adjudged by results of earthworm feeding 
tests. That is, larger numbers of lungworm larvae were recovered in 
the earthworm feeding tests of the viability of eggs in plots 7 and 8, than 
in the case of plots 3 to 6 inclusive. However, as stated previously, in 
the final sampling of plots 7 and 8 (November 9, 1939), only small 
amounts of the buried fecal material could be located, which may account 
in part for the very small number of larvae recovered in these tests. 

Effect of Continued Low Temperatures on Eggs 

As shown by the results of earthworm feeding tests recorded in Table 
2, some lungworm eggs in feces were able to survive continuous freezing 
at temperatures of -8° to -20 C or lower as long as 108 days. During 
the first 49 days of the test, w^hen the temperatures varied from -8° to 
-14"^ C, there was apparently no appreciable effect on the eggs as shown 
by the fact that the number of larvae recovered from eaithworms in feed- 
ing tests carried out did not materially decrease during that period. 
During the period from the S6th to the 63rd day of the test the tempera- 
ture of the freezing unit employed varied from -20° to -27° C, and during 
the entire 62nd day remained at -40° C; this may have accounted for 
death of some of the eggs shown by the small numbers of larvae recovered 
from the test earthworms during this period and later. 

That the reduction in numbers of larvae recovered over this test period 
was due to the inimical effects of the low temperature is indicated by 
the fact that 319 larvae (average) were recovered per earthworm from 
a control culture of feces kept 108 days at 2° C. 

Effect of Continuous Desiccation on Eggs 

As can be seen from the data presented in Table 3, although a small 
proportion of lungworm eggs contained in feces dried on glass was able 
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Table 3.-— Effect of desiccation at H to 2^ C and 3/^ to 39"^ C on the viability of 
limgioorm eggs as determined by earthivorm feeding tests 


Test number 

Period exposed 

Temperature 

1 Earthworms examined 

Number 

Larvae recovered^' 


Bays 



Numher 

1 

h 

17 to 22 

3 

19 

2 

3 

do 

4 

8 

3 

4 

do 

2 

4 

4 

6 

do 

3, 

4 



do 

5 

10 

Control 

None 

do 

5 

319 

6 

10 

37 

4 

O 

7 

10 

17 to 22 

O 

20 

8 

10 

1 to 2 

3 

61 

Control 

None 

17 to 22 

1 • 

295 

J> 

25 

37 to 39 

O 

0 

10 

25 

17 to 22 

3 

0 

11 

25 

1 to 2 

r 3 

37 

Control 

None 

17 to 22 

2 

727 

12 

31 

37 to 39 

3 

0 

13 

31 

17 to 22 

? 

0 

14 

31 

lto2 

3 

14 

Control 

None 

17 to 22 

3 

422 

15 

38 

37 to 39 

3 

0 

16 

38 

17 to 22 

o 

0 

17 

38 

1 to 2 

3 

30 

Control 

None 

17 to 22 

3 

422 


* Average per earthworm. 


to survive 38 days continuous desiccation at a temperature of 1° to 2 
none was able to survive 25 days or longer at a temperature of 17^ to 
22° C or higher. Moreover, continued desiccation of only 7 days at a 
temperature of 17° to 22° C under the conditions of the test was appar- 
ently lethal to the majority of eggs as shown by the fact that an average 
of only 10 larvae was .recovered from earthworms fed eggs dried under 
these conditions as compared to an average of 319 larvae acquired by 
earthworms from control cultures (Table 3). These observations ex- 
plain in part failure of the majority of lungworm eggs on soil to survive 
more than 32 days in late summer tests herein reported (Table 1). 

Effect of High Temperatures on Eggs 

In a series of tests in which the temperature of small quantities of 
moist feces containing lungworm eggs was raised rapidly to 60° C and 
then quickly lowered to about 30° C, small numbers of eggs survived and 
were able to infect susceptible earthworms. However, in a later series 
of tests no eggs survived temperatures of 55° C or higher. 

In order to determine the thermal death point of the eggs, a series of 
cultures was subjected to temperatures of 40°, 50°, 55° to 60°, and 65° 
to 70° for 10 minutes each. As determined by earthworm feeding tests, 
small numbers of eggs survived temperatures of 40° and 50° C but none 
survived 55° C or higher. 

DISCUSSION 

Data herein reported with regard to the mai'ked resistance of lung- 
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worm eggs to continued low temperatures and their long survival in soil 
under favorable moisture conditions serve to explain in part the occur- 
rence of lungworm-infected earthworms in soil of areas unused by hogs 
for as long as 4 years (Schwartz and Alicata, 1934; Spindler, 1938). 
The facts set forth in this paper have a bearing on the control of lung- 
worm infections in pigs by management practices. Since as shown in 
the data lungworm eggs are most susceptible to desiccation and high 
temperatures, raising pigs on well-drained temporary pastures where 
lungworm eggs wmuld be exposed to the inimical effects of dryness and 
the high temperatures engendered by the sun may be the most effective 
of the control measures against this parasite. In view of the long period 
of survival of lungworm eggs herein reported, plowing under of soil 
contaminated with lungworm eggs and growing a crop thereon might not 
be effective in hastening the destruction of the eggs but might on the 
contrar}^ favor their survival. In light of the data presented in this 
paper, permitting an area to lie fallow for a period of at least a month 
during summer following removal of lungworm-infected animals should 
hasten destruction of lungworm eggs by desiccation and high tempera- 
tures. Subsequent plowing would tend to scatter the remaining viable 
eggs to such an extent in the soil that earthw^orm infections would be 
reduced to a minimum. Such measures might aid materially in controll- 
ing lungw^orni infections in pigs subsequently maintained on the areas 
in question. 

SUMMARY 

A series of tests designed to ascertain (1) the survival time of eggs 
of swine lungworms (Metastrongylus elongatus and Choerostrongyhis 
pudendofectus) on and in soil, (2) the effects of low and high tempera- 
tures, and of drying on these eggs w^ere carried out at Beltsville, Md. 

The viability of eggs in feces on the surface of unshaded outdoor 
plots was destroyed in about 25 days. Some eggs in feces buried 6, 8, 
and 12 inches survived 381 days, but most of these eggs succumbed in 
about 290 days. 

Under laboratory conditions the viability of eggs in moist feces was 
destroyed by short exposure to a temperature of 55° C Eggs in moist 
feces survived 108 days at a temperature of -8° C to -20° C. 

Eggs in dried feces were destroyed in 25 days at a temperature of 
17° to 22° C. Eggs in dried feces at a temperature of 1° to 2° C were 
still viable after 38 days. 

Information contained in this paper suggests that permitting soil con- 
taminated with swine lungworm eggs to lie fallow about a month before 
plowdng should be useful in controlling these parasites. 
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REVIEWS 



An Introduction to Nematology. By B. G. Chitwood and M. B. Chitwood, with 

the collaboration of A. C. Walton, Reed O. Christenson, Leon Jacobs and F. G. 

Wallace. Section I, Part III, and Section II, Part I: pp. 125-240, Figs. 112- 

164. Published by the authors, Babylon, N. Y. 1940. $4.50. 

This publication's the concluding portion (Part III) of Section I and the first 
part of Section II of a comprehensive treatise on nematology. As was to have been 
expected, the authors have produced an excellent companion piece for the preceding 
portions, the first of which appeared in 1937, the second in 1938. Section I, Part 
III, contains five chapters (IX-XIII). The first three are concerned with the 
excretory system, the reproductive system, and the nervous system. In them, the 
fundamental patterns and variations which characterize these systems in various 
nema groups are skillfully analyzed. Collation of the extensive literature on these 
subjects, to which the authors have contributed significantly themselves, has re- 
sulted in a product for which the authors deserve much praise. 

Chapter XII, prepared by R. O. Christenson with the collaboration of Leon 
Jacobs and F. G. Wallace, is entitled “Nemic Ova” and deals primarily with the 
morphological variations encountered in the eggs of a wide variety of nemas. At- 
tention is also devoted to the chemical character of the egg membranes. The 
chapter contains two excellent full page plates of drawings illustrative of the vari- 
ous types of eggs from representative nemas. No student of parasitology should 
deny himself the examination of these figures, or for that matter, possession of the 
“Introduction.” 

To those with zoological backgrounds, the last chapter (XIII) of Section I 
will prove interesting. Dealing as it does with the controversial subject of “Nemic 
Relationships,” one would expect sufficient latitude for considerable disagreement. 
The author, B. G. C., has been conservative and competent in dealing with zoological 
groups outside his special field. A careful reading of the chapter impresses one 
that he has also recognized the limitations inherent in the subject and has striven 
to be objective concerning the tangible characters which must be evaluated in 
reaching any conclusions regarding relationships. Differences with the author’s 
conclusions which may ensue, will arise primarily from a lack of agreement on the 
fundamental characters to be considered and the assessment of their value for the 
end in view. The historical aspect of the subject has been handled well and is 
interesting reading. The author’s tabulation and evaluation of characters in various 
groups is ingenious and deserves critical study. 

The concluding three chapters are in Section II, Part 1. The first, by A. C. 
Walton, is a concise resume of extant knowlecfge on gametogenesis, meiosis and 
fertilization. A table of chromosome numbers and other pertinent information 
covering 50 different nematodes is included. Chapter II deals with “Nemic Embry- 
ology” and covers the principal aspects of the determinate cleavage and constancy 
of cell numbers which characterizes the development of these animals. The final 
chapter is on postembryonic development. Numerous variations in the development 
of nematodes are recorded and several hiatuses in existing knowledge on the 
subject indicated. 

In keeping with the precedent established for the previously issued parts of this 
treatise, the present part is profusely illustrated and each chapter concludes with 
an extensive bibliography. The compilation and integration of the information on 
nematodes which is represented in this part, as well as in the preceding parts, was 
a monumental undertaking! The Chitwoods are to be congratulated on the success 
they have achieved. It is not inappropriate to refer to the data recorded on the 
last page. Clearly, the authors merit more financial support for this personal 
venture than they seem to be getting from zoologists, parasitologists and Hematol- 
ogists generally. 
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It is necessary to call attention to the fact that the printing is inferior in quality 
in comparison with that of the previous parts. Whether the economy achieved was 
worth the price is debatable. It is likewise unpleasant to note that the proof was not 
corrected with the care which the reviewer believes the publication merited: a list 
of 70 errata, typographical and otherwise, observed by the revievrer in 115 pages 
seems remarkably long. Perhaps one should not notice mediocrity on this point 
when the substance is so fine. — George L. Graham. 


Clinical Parasitology. By Charles Franklin Craig and Ernest Carroll Faust. 

772 pages, 244 illustrations. Lea and Febiger, Philadelphia. 1940. 2nd edition. 
$8.50. . ^ _ 

The necessity for bringing out a second edition of this work within three years 
after the first (reviewed, 1938, J. Parasitol. 24: 94) attests the cordial reception 
that it has received. In preparing the new edition the authors have taken full 
advantage of the opportunity to revise the original text and to include recent ad- 
ditions to knowledge in the subject. The present volume contains 39 more pages 
and several new illustrations. The most notable addition is a new chapter on 
leeches of medical importance. The technical appendix has been enlarged to in- 
clude some of the more recent diagnostic procedures such as the zinc sulfate flotation 
technic and the NIH anal swab technic of examining for pinworms. The many 
recent contributions to knowledge of tick-borne diseases and the epidemiology of 
yellow fever and plague are adequately covered. Since the text is so up to date 
in other respects, it is to be regretted, however, that more adequate discussion 
is not given to the latest work on immunity in experimental helminth infections. 

The new edition maintains the high standard of typography and excellence of 
printing established by the first. Few errors were detected. On page 273, how^- 
ever, the amount of blood withdrawn per day by a hookworm in the intestine is 
erroneously given as 0.1 cu mm, which would be a negligible amount. 

An extensive bibliography, together with a complete author index, greatly 
enhances the value of the book for reference. The work is to be highly recommended 
to graduate students in parasitology and also to medical students and practitioners 
who wish to have a complete, authoritative and up-to-date text on the subject. — 
O. R. McCoy. 


A Guide to Human Parasitology for Medic.\l Practitioners. By D. B. 

Blacklock and T, Southwell. 259 pages, 122 illustrations and 2 colored plates. 

Williams and Wilkins, Baltimore. 1940. 4th edition. $4.00. 

The present edition of this work, which is intended primarily as a manual for 
beginners interested in human parasitology, is essentially unchanged from the last 
edition issued in 1938 (reviewed, 1939, J. Parasitol. 25: 515). The only changes 
discovered are a slight revision of the table of the life cycle of Strongyloides (page 
171), the addition of several footnotes and the correction of misprints. Because of 
the simplified presentation, the book will continue to be of value to the medical 
practitioner or public health worker with a superficial interest in the subject. The 
numerous epidemiological tables and charts of life histories are particularly valuable 
in this respect. 

With the exception of brief mention of myiasis in a chapter of miscellany, 
medical entomology is not included in the subject matter. A short chapter is de- 
voted, however, to the spirochaetes, although it is recognized that this group is 
more closely related to the bacteria than to the protozoa. In view of the space 
devoted to some of the rarer helminth parasites, it would seem that the intestinal 
flagellate group is deserving of more extensive consideration. For instance. 
Trichomonas vaginalis is not mentioned anywhere in the text, in spite of the fact 
that this parasite is recognized to occur commonly in all parts of the world and the 
question' of its pathogenicity is widely debated in gynecological literature. The 
reviewer would also suggest that the subject matter in the latter chapters of the 
book could be more logically arranged. Since the terminology is on the whole up 
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1940 Year Book of Public Health. Edited by J. C Geiger. 560 pages. The 
Year Book Publishers, Inc., 304 South Dearborn Street, Chicago. $3.00, 
postpaid. 

This volume by Dr. Geiger (Director of Public Health, San Francisco) at- 
tempts to survey the advances in the field of public health. The following subjects 
are considered : 

1. Communicable Diseases and Epidemiology: la, General; lb, Tuberculosis; 
Ic, Poliomyelitis; Id, Malaria; le, Venereal Diseases. 2. Food and Milk. 3. Nu- 
trition. 4. Housing. 5. Statistical. 6. Laboratory. 7. Industrial Hygiene. 8. 
Administration: 8a, Medical Care; 8b, Maternal Care. 9. Health Education. 10. 
Child Hygiene; 10a, General; 10b, Dental Hygiene; 10c, Mental Hygiene; IGd, 
Nursing. 

The book consists of abstracts of papers published during 1939 and 1940. 
Following a number of the abstracts are personal evaluations by Dr. Geiger. The 
articles abstracted are gathered rather widely from the literature. Many of them 
appeared in journals and foundation reports which the average worker in public 
health might not see. The book is thoroughly indexed by subject and author. 
This book should serve a very useful purpose and enable busy health workers to 
keep abreast of an ever increasing literature. — H. W. Brown. 


to date, it is to be regretted that ^‘Taenia granulosa’^ is used instead of Echinococcus 
granulosus, the name approved by the International Commission on Zoological 
Nomenclature. 

This work is to be recommended particularly to those who desire a concise 
aid for the diagnosis of human parasites. Also, it may well be used as a text-book 
by medical students who receive only brief training in the subject of parasitology.-— 
O. R. McCoy. 
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AMERICAN SOCIETY OF PARASITOLOGISTS 

Sixteenth Annual Meeting, Philad?:lphia, Pa. 

December 30 and 31, 1940, and January 1, 1941 

Minutes oj Sixteenth Annual Business Meeting 

The sixteenth annual business meeting of the Society was held at the Hotel 
Philadelphian on December 31, 1940, following the annual Parasitologists’ Luncheon 
which was attended by 158 members and guests. The meeting was called to order 
at 2:00 PM by President David H. Wenrich who expressed his gratification for 
the large attendance, including seven former Presidents of the Society, Henry B. 
Ward, W. W. Cort, William A. Riley, W. H. Taliaferro, George R. LaRue, F. C. 
Bishopp and Horace W. Stunkard. 

L Reports OF Officers 

1. The report of the Secretary was presented. As of December 5th, there were 
479 members on the roll, including 48 in arrears. Sixty new members were elected 
during 1940. The deaths of the following members occurred during the past year: 

J. Lee Kirby-Smith, practising physician, January, 1940, in Jacksonville, Florida. 
Harvey P. Barret, retired physician, July 30, 1940, in Charlotte, N. C. 

Ralph K. Collins, Field Director in the International Health Division of the 
Rockefeller Foundation, October 1, 1940, in New York City. 

The secretary reported the following actions of the Council at its meeting held 
on December 29, 1940 : 

(1) Amendment of the By-Laws in regard to the allotment of time for papers 
on the program to read, ‘Tf the program is crowded, the maximal allotment of time 
may be reduced to 10 minutes.” 

(2) Passage of a resolution to go on record as not approving the description 
of new genera and new species in abstracts for the program. 

(3) Passage of a new By-Law to provide for the management of the Endow- 
ment Fund as follows : 

^‘Council shall select a Custodian of the Endowment Fund and two 
associates to whom it may delegate responsibility for management of the 
Fund. The Custodian shall make an annual accounting to Council and 
such other reports as Council may request. The approval of two of the 
three custodians shall be necessary for the purchase, sale or exchange of 
securities. One of the thi'ee custodians shall be the Treasurer of the 
Society and his signature shall be required on all vouchers of expenditure 
from the Fund.” 

(4) Proposal to the Society that the Constitution be amended to provide that 
the Chairman of the Editorial Committee shall be ex officio a member of the Council. 

LFpon motion the report was approved and placed on file. 

2. The report of the Treasurer was presented by Dr. Gilbert F. Otto. A 
favorable operating margin for the year of $141.80 wiped off the book deficit of 
$106.42 remaining from the past 5 years and also the $32.75 current deficit on the 
25~volume Index, leaving an unexpended balance of $2.62. The Treasurer pointed 
out that his estimate of 1941 income was conservative, and perhaps pessimistic, being- 
based on the assumption that the Journal would lose 55 more non-member sub- 
scribers on account of war conditions abroad. During 1940 there was a decrease of 
27 in non-member subscriptions from foreign countries. According to this estimate 
the Society would incur a deficit of approximately $465 in publishing a 600-page 
Journal during the coming year. 
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Upon motion the report, certified as correct by the Auditing Committee, was 
accepted with a vote of thanks to Dr. Otto for his services as Treasurer during the 
past four years. 

11. Reports of Committees 

]. The report of the status of the Secretarial Fund was presented by Dr. 

Norman R. Stoll, Custodian. Upon motion the report, certified as correct by the 
Auditing Committee, was accepted and placed on file. 

2. The report of the Editorial Committee was presented by Dr. Norman R. 

Stoll, Chairman. “The Journal of Parasitology itself (Volume 26 in 6 numbers 
of 539 pages, and the December Supplement of 48 pages), regularly issued on 
schedule, constitutes the main report of the Editorial Committee for 1940. In ad- 
dition a 25- Year Index to the Journal is well advanced toward final publication. 

The Author Index of 3,397 items is in page proof, the general Subject Index is in 
part in type, and the Host Index is ready for checking of copy for accuracy. The 
25-Year Index will constitute, at completion, a book of about 200 pages, at a pre- 
publication price to members of the Society of $1.00, and a uniform post-publication 

price of $2.00. Its pre-publication sale to" date promises its success financially.” c; 

, Upon motion the report was accepted with a vote of thanks to the Editorial 
Committee. 

3. The report of the Biological Abstracts Committee was presented by Dr. j' 

George L. Graham, Chairman. It was pointed out that the loss of foreign sub- 
scribers to Biological Abstracts on account of the spreading war abroad makes it 

imperative, now more than ever before, that American biologists support Biological 
Abstracts if it is to maintain its standard of publication. Upon motion the report 
was accepted. 

4. A condensed report of the Committee on Nomenclature was given by Dr. 

Paul D. Harwood, Chairman. It was the opinion of the Committee that under the 
International Rules of Zoological Nomenclature Trichuris rather than Trichocepha- 
lus is the valid generic name, and that Dioctophyma rcnale is the valid name for the 
giant kidney w^orm. (The complete report of the committee is appended.) 

Upon motion the report was accepted. 

III. Reports of Representatives of the Society 

1. Representatives on the Council of the American Association for the Ad- 
vancement of Science. Since the proceedings of the Council will be published in 
Science^ Dr. LaRue offered no report at this time. 

2. A brief report of the representatives on the Council of the Union of Amer- 
ican Biological Societies was presented by Dr. Earl C. O’Roke. The financial 

straits of Biological Abstracts are not as serious as was feared several months ago 1 

and it is expected that regular publication can be maintained without any curtailment 
during the coming year. Forty-three lapsed foreign subscriptions are being con- 
tinued through underwriting by philanthropic agencies in this country. 

Upon motion the report was accepted. 

■■ i 

IVv New Business 

The following two amendments to the Constitution proposed at the fifteenth 
annual meeting in Columbus were adopted by unanimous vote: 

Journal of Parasitology. This Journal, the property of the 
Society, is its official organ. Responsibility for its conduct shall rest with 
the Council which shall select the editorial staff and set the price of 
subscription. 

Endowment Fund. Provision is made for the establishment of a 
permanent Endowment Fund, the principal of which may be expended 
only by a three-fourths vote of all members of the Council and approval 
by a three-fourths vote of the members of the Society present at a regular 
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meeting. The Council shall be entrusted with the maintenance of the 
fund, and the use of the income therefrom. 

Upon a motion in accordance with the recommendation of the Council, it was 
voted that the selection of the 1941 meeting place be held in abeyance and that the 
Council be entrusted to decide the meeting place. 

The Secretary presented the Council nominations for officers of the Society for 
1941, as follows: President, James E. Ackert; Vice-president, Justin Andrews; 
Treasurer, for two years, Lloyd E. Rozeboom ; Members of the Council, for four 
years (to succeed Justin Andrews and Norman R. Stoll), Donald L. Augustine and 
Norman R. Stoll ; Members of the Editorial Board, for four years (to succeed 
H. E. Ewing, J. F. Kessel and H. J. VanCleave), E. Harold Hinman, Richard P. 
Hall and Justus F. Mueller; Representatives on the Council of the American Associ- 
ation for the Advancement of Science, George R. LaRue and William A. Riley ; 
Representatives on the Council of the Union of American Biological Societies, 
George L. Graham and Earl C. O’Roke. There were no further nominations and 
upon motion, duly seconded, the Secretary was instructed to cast one ballot for the 
nominations as presented. 

A vote of thanks was extended to Dr. Robert M. Stabler, local representative of 
the Society in Philadelphia, for his services in making arrangements for the luncheon 
and the demonstration program. 

There being no further business, it was voted to adjourn at 3 : 00 PM. 

Respectfully submitted, 

O. R. McCoy, Secretary 




' 1^ S?! ’ U 

■ J’iUI' 

' fc* ' ti 




j 


fife' 

Ill 

I Ml 


CHANGES IN MEMBERSHIP OF THE AMERICAN SOCIETY 
OF PARASITOLOGISTS SINCE PUBLICATION OF 
THE MEMBERSHIP ROSTER, DECEMBER 
SUPPLEMENT, 1939 


Josephina Acosta 
Cyrus V. Anderson 
John P. Barrett 
Jose G. Basnuevo 
Jonas L. Bassen 
Enrique Beltran 
Marjorie Biddle 
Virginius E. Brown 
Martha Bunting 
Harold Burnstein 
Arthur A. Case 
S. L. Chang 
Frederick Coulston 
Helen Churchill 
Joseph S. D'Antoni 
Zacarias de Jesus 
Elaine T. Delaune 
William E. De Turk 
S. Allen Edgar 
Leslie I.. Prisenbrandt 
Kary C. Emerson 
Albert M. Fallis 
Marion M. Farr 
Anna M. Fisher 


New Members Elected 

Lyman P. Frick 
Deane P. Furman 
Tomas M. Gan 
Chauncey G. Goodchild 
Seymour Hadwen 
Merle F. Hansen 
Aaron B. Hardcastle 
William B. PIopp 
Herbert S. Hurlbut 
Kathleen L. Hussey 
Nobutaro Ishii 
Harry K. Jankiewncz 
Frances Jones 
Kenneth C. Kates 
Walter Kessler 
Fred J. Kohlruss 
Emil Kotcher 
Robert E. Kunz 
Raymond L. Laird 
William K. Lawlor 
Herman Lent 
Alice Smith Leonard 
Arthur Levin 
Ralph D. Lowell 


Francis W. Ludwig 
Everett E. Lund 
Waiter S. Lundahl 
Jose F. Maldonado 
Rustum Maluf 
Manuel Martinez-Baez 
Joseph C. jMcCaffrey 
Charles W. McNeil 
Banner Bill Aforgan 
Donald V. Afoore 
Emma S. Afoss 
Ross F. Nigrelli 
Jose Oliver-Gonzalez 
Eddy A. Palmer 
James P. Parker 
Eduardo A. Pequeho 
Trinidad P. Pesigan 
Collins A. Pipkin 
Karl R. Pomrenke 
David Price 
Robert J. Reiber 
W. Afalcolm Reid 
Leslie W. Remley 
Robert C, Rhodes 
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Kenneth 1. Rhude 
Anthony T, Rozyeki 
Robert L. Rutherford 
John G. Salsbury 

Aaron Seamster 

Herman A. Shelanski 
Victor Sprague 

Glenwood M. Spurlock 
Han*y H. Stage 

Dorothy E. Strahan 
Vivian Sweibel 

John H. Tetley 

John E. Tobie 

Charles M. Vaughn 

Harold E. Wallace 

Helen J. Werby 

Evaline West 

Francis M. White 

Raymond W. Wilhelmi 

Ruby h. Wortham 

Herman Zaiman 

1 


Resignations 

I 

'' ' 1 

Veronica Armaghan 
Alice T. Ashton 

Charles C. Bass 

John A. Cameron 

Walter C. Earle 

Charles S. Gibbs 

George D. Jeleii 

Francis B. Johnson 

E. Elizabeth Jones 

Miriam Scott Lucas 

Helen Stewart Lyford 

Rafael Rodriguez- Molina 

Lauren E. Rosenberg 

Fred L. Soper 

J. Paul Visscher J 


Deaths 

< 

Harvey P. Barret 

Ralph K. Collins 

John E. Guberlet 

J. Lee Kirby- Smith 

Charles W. Stiles*'’’' 


! SUPPLEMENT TO THE REPORT OF THE SIXTEENTH 

ANNUAL MEETING OF THE AMERICAN 
! SOCIETY OF PARASITOLOGISTS 

Report OF THE Committee ON* Nomenclature 

Trickiiris Roederer, 1761 vs. Trichocephalus Schrank, 1788 

j Since the name Tnchnris Roederer, 1761, clearly antedates all other technical 

names proposed since 1758 for the genus of the whipworms, this name should be 
employed, providing the requirements laid down in the International Rules of Zoolog- 
ical Nomenclature are met by the original description. These requirements are few. 

The name was published and accompanied by a description of the parasite (Art. 

25a) as two brief quotations from the original demonstrate (Roederer, J. G. [in 
Secretary’s abstract by Wagler,] Getting. Anz. gelehrt. Sachen (1761-62) 25 St. 1: 

243) : “Bey eben dieser Zusammenkunft las der Hr. Leibmed. und jetziger Prorector 
I Roderer eine Abhandlung vor, welche eine gewisse bisher noch nicht beschriebene 

p Art Wiirmer im menschlichen Korper betrift. Sie ist den dreyen bisher bekannten, 

f dem runden W urme, dem Bandwurme, dem Spulwurme, beyzufiigen, und wird, ihrer 

I Gestalt gemass von Hrn. R, Trichuris (Haarschwanz) genannt;” and (p. 245) : 

I “Diese neue Art von Wurmern der Eingeweide Hesse sich also nach der Linnaischen 

' Art so beschreiben : Corpus teres, longa proboscis filiformis, genitale curuarum, 

i emineus, rectarum, apertura lateralis.” Since Roederer (1761) stated he was de- 

I scribing the parasite “after the Linnaean manner” i.e., the binary manner (Stejneger, 

,! 1924. Smithsonian Misc. Coll. 77 (4) : 1-21), it may be assumed that he “applied 

! the principles of binary nomenclature” as required under Art. 25b (International 

j Rules of Zoological Nomenclature) . 

■; Some authors have rejected the name TrzV/zwm because it was not used in a 

] binomial combination, but Article 2 of the Rules states: “The scientific designation 

of the animal is uninominal for subgenera and higher groups,” and in Opinions 20, 

24, and particularly 46 the International Commission on Zoological Nomenclature 
I has consistently recognized uninominal generic names employed in a binary sense \ 

' regardless of whether or not the name was used in a binominal combination. There- f 


fore, the name in question should not be rejected because it is uninominal. 
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At least one author has claimed that the name T rk hurts Rot^tr tv, 1761 was 
used as a specific name. However, the evidence contained in the original description 
indicates that Roederer was proposing a generic name. Trichuris is b. noun, not an 
adjective such as Linnaeus usually used for specific names, and furthermore, Roeder- 
er’s description “nach der Linnaischen Art” is precisely in the style which Linnaeus 
(1758, p. 648. “Ascaris. Corpus teres, filiforme, continuum, utraque extremitate 
attenuatum.”) employed when he wrote the diagnosis of the genus Ascaris, and it 
does not agree with the style employed for specific diagnosis. Authors contemporary 
with Roederer (Goeze: 1782, Versuch eine Naturgeschichte der Eingeweidewiirmer 
thierischer Korper, Blankenburg) as well as other writers treated Trichuris as a 
generic name and renamed the genus, TrichocephaloJ (= Trichoc ephalus) hair- 
headed, because of the anatomy of the parasite. If some doubt whether or not 
Roederer intended to use the name Trichuris in a generic sense, in the abstract of his 
original paper, a later contribution by the same author should remove this doubt. 
(Roederer, J. G. and Wagler, C. G. 1783, Tractatus de morbo mucosa. Denuo 
recusus amiexaque praefatione de Trichuridibus novo vermium genere, editus ab 
Henrico Augusto Wrisberg. Gottingae). The above title proves unquestionably that 
Trichuris was vsed as a generic name by the original author. 

Accordingly the name Trichuris Roederer, 1761 appears to be available under 
the International Rules, and in our opinion it should be used as the correct name for 
the whipworms. Trichocephalos Goeze, 1782 and Trichoc ephalus of authors are 
svnonyms. 

COMMITTEE ON NOMENCLATURE, 
Paul D. Harwood, Chairman 
B. G. Chitwood 
Allen McIntosh 

The status of Dioctophyma, Dioctophyme, and Eustrongylus 

Collet-Meygret (1802, J. Phys. Chimie, Hist. Nat. et Arts, 55: 458-464) pro- 
posed the name, Dioctophyme, for a worm from the kidney of a dog. He gave an 
extended description of the worm and an illustration of a dissection. When he first 
presented this paper before the “Societe philomatique de Paris” he stated that he felt 
sure it was a new genus, but he would leave the point to a study by specialists of this 
order of animals. In a section of this paper labelled “Remarque” (p. 463) the author 
states that the society appointed two members to verify his observations and deter- 
mine whether it was essentially different from other known worms. The opinion 
arrived at is set forth in the original article as follows : 

“Us ont en consequence juge, comme moi, que cet individu devoit former un 
genre nouveau, tres-voisin de celui des ascarides. J'etablis done ce nouveau genre, 
auquelje vais essayer de donner une denomination, et d’assigner des caracteres. 

“Quant a la denomination, comme elle doit etre tiree des attributs qui, en meme 
temps qu’ils off rent quelque chose de constant, frappent d’abord nos sens, j'ai prefere 
la faire deriver du nombre des tubercules; et comme il y en a huit a la tete et huit a 
la queue, sans egard pour leur disposition, j’ai adopte le mot dioctophyme (author’s 
italics) compose de di, venant de dls (deux fois), octo (huit), phyma (tubercle), 
expression qui. je crois, rempHt le but que je me propose. 

“Void quels spnt les caracteres du genre dioctophyme : 

‘Uorps alonge, cylindrigue, articuU, a extrhnites mousses, garnies chaciine de 
huit tubercules; bonche ferminale, anus egalement terminal; reunion des deux sexes 
( 1 )" 

It is obvious from the description appearing in the original article that the worm 
which Collet-Meygret discussed was the form which has been known variously as 
Dioctophyme renale, Dioctophyma renale, and Eustrongylus visceralis. Further- 
more, it is obvious that Collet-Meygret intended to employ the term ‘'dioctophyme'' 
in a generic sense as he employs the phrase “du genre dioctophyme" in the quotation 
cited above. Therefore, it is the opinion of your committee that the conditions laid 
down under Article 25 (the law of priority) of the International Rules of Zoological 
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I Nomenclature were fully met by Collet-Meygret, and the name should 

date from his paper. This opinion has no bearing on question of the emendation of 
the original spelling. 

Some authors (Leiper, 1926) have rejected ''dloctophymP' on the grounds that 
the original author was employing it as a vernacular term instead of a scientific name. 

Although the orthography suggests that Collet-Meygret intended to use '‘diocto- 

phyme'' in the vernacular, the statements which are quoted above, appearing in the " :j 

original description indicate that the author was proposing a technical name in con- 
formity with the principles of binary nomenclature. The error appearing in the 
; original orthography may be corrected under the authority of Article 19 of the Inter- 

national Rules of Zoological Nomenclature. Acting iq accordance with this authority, 
your committee recommends the adoption of the generic name Dioctophyma Collet- 
5 Meygret, 1802, as emended by Lamouroux in 1824. Eustrongylns Diesing, 1851, 

becomes a synonym under the law of priority. 

I Opinions 26, 27, 34, 41, 61, and 63 indicate that the policy of the commission has 

i been to recognize emended spellings in those cases where the derivation of the word 

is clearly indicated, but as Stiles and Baker (1935, National Inst. Health, U. S. Pub. 

Health Serv., Bull. No. 163: 981) have stated, there exists a difference of opinion 
among zoologists “as to how far the principle of emendation should be applied.’' 

Consequently, to obtain uniform usage your committee recommends that the Amer- 
ican Society of Parasitologists request the International Commission on Zoological 
Nomenclature to place Dm on the Official List of generic names. ' 

Regarding the specific name of the kidney worm of carnivores, the following 
may be considered, namely: Renales Goeze, 1782; “Gigas,” a group name employed 
by Goeze, 1782; visceralis Gmelin, 1790; and renalis Gmelin, 1790. The specific name 
gigas Rudolphi, 1802, which has been used by authors, is clearly antedated by the 
names listed above. 

The passage by Goeze (1782, p. 39) involving the names in question is quoted 
below. 


“L Geschlecht (Genus) 
der Rundwurm (Ascaris). 

1. Der Riese: Gigas. Dieser begreift die grossern Arten unter sich. 

a) der Pferde : die grosste Art, die ich kenne. 

b) der Menschen: die eigentlich sogenannten Spulwiirmer : Ascaris Ltimbric. 

Linn.) 

c) der Schweine: schmachtiger und elastischer: mit einer, langs dem Riicken 

laufenden Orangegelben Streife. 

d) der Kiilber: noch langer, und diinner, als die vorigen. 

e) Nierenrundwtirmer, 

f) der Seehunde : P/jora. 

2. Der Mittelrundwurm : Teres) von Mittelgrosse, wie Darmsayten. ... 

3. Der Madenrundwurm : Asc. minutior. ..." 

Later in the same article (p. 62) Goeze states, “Nach meinen Erfahr ungen hab’ 
ich drey Hauptklassen dieses Wurms kennen lernen: die grosse: die mittlere; und 
die kleine. Die erste nenne ich den Riesen, Gigas; die zwote den mittelrundwurm, 
Tei'es; die dritte den Madenrundwurm, minutiorS Because of the above statement 
we believe that the names Gigas, Teres, and minutior are group names which do not 
have nomenclatural status. In this respect they are similar to the group names. 
Didelphys, Tridelphys, Tetradelphys, and Polydelphys which modern authors use to 
subdivide the genus Physaloptera. (See Ortlepp, 1937, Onderstepoort J. Vet. Sc. 
and Animal Industry, 9: 71) and which possess no nomenclatural status. The case 
is also similar to the generic subdivisions employed by Linnaeus in the tenth edition 
of the Systema Naturae (pp. 425-433). Linnaeus divided the genus G?ylhis into 
sections, namely, “M antis S ‘'Acridia,"* ''BullaS '‘Acheta,'' ''TettigoniaS and 
custaS In Opinion 124, the International Commission on Zoological Nomenclature 
has ruled: “The various subdivisions of genera published by Linnaeus in 1758 are 
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not to be accepted as of this date (1758) as of subgeneric value under^the Interna- 
tional Rules.’’ In view of these examples it seems justifiable to ignore Goeze’s group 
names. 

Although it may be argued that Goeze did not make the combination Ascaris 
rcmlis, the table, which is quoted above, indicates that his usage was both binary and 
binominal. Furthermore, “Rcnalcs^' was printed in the same type as the specific name, 
'Humbric, Linn.” in Goeze’s book, a circumstance which indicates that it was used as 
a technical name. 

A comparison of Linnaeus (1758) with Goeze (1782) demonstrates that there is 
no essential difference between the two styles. The fact that Goeze was somewhat 
less consistent than Linnaeus i§ unfortunate but not important from the standpoint 
of nomenclature. Interpreting Goeze’s style in view of the historical situation, w'e 
must conclude that it was binominal in the Linnean sense. Therefore, we consider 
that the specific name “RcnalcsT Goeze, 1782, is available under the International 
Rules of Zoological Nomenclature, and since it is the oldest available name, the cor- 
rect name of the kidney worm of carnivores is considered to be Dioctophyma rcnalc 
(Goeze, 1782). 

If we were to assume that the word “Gigas” as employed by Goeze is available 
as a specific name under the rules, this name must be applied to all the various forms 
of nematodes which that author listed under the heading, “Gigas,” from (a) to (f). 
The name “Rcnalcs' in that case is of lower rank, and therefore, it is employed as a 
subspecific name and it becomes available under the rules, since, according to Article 
11, subspecific and specific names are of the same value. 

The specific name visceralis which is the next available name, was proposed by 
Gmelin (1790). On the following page of the same work Gmelin also used the name 
renalis for the same parasite, namely, the kidney worm of carnivores. Therefore, 
visceralis Gmelin, 1790, is a renaming of Dioctophyma reiiale and becomes a synonym. 

COMMITTEE ON NOMENCLATURE, 
Paul D. Harwood, Chairman 
B. G. Chitwood 
Allen McIntosh 


AMERICAN SOCIETY OF PARASITOLOGISTS 

ANNOUNCEMENT OF PLACE OF SEVENTEENTH 
ANNUAL MEETING 

Acting under authority voted at the sixteenth annual business meeting in 
Philadelphia, the Council has decided that the seventeenth annual meeting of the 
American Society of Parasitologists shall be held in Dallas, Texas, in conjunction 
with the meeting of the American Association for the Advancement of Science. 
Sessions for the presentation of papers will be scheduled for Monday, Tuesday, and 
Wednesday, December 29, 30 and 31, 1941. 

O. R. McCoy, 


J 



ournal of Parasitology 


Volume 27 


AUGUST, 1941 


Number 4 


THE EFFECTS OF FOUR SPECIES OF LARVAL TREMA 
TODES UPON THE LIVER AND OVOTESTIS OF 
THE SNAIL, STAGNICOLA EMARGINATA 
ANGULATA (SOWERBY) 


Ivan Pratt and G. D. Barton 
Department of Zoology, University of Idaho, Moscow 

A snail may shed large numbers of cercariae when confined in the 
laboratory for study, and yet show no signs of ill-health as a result of the 
presence of large numbers of parasites within its body. Brackett"^ ( 1940) 
stated that lack of nourishment on the part of the snail decreased the 
production of cerc^iae. When the snail was fed, it again shed cercariae. 

Faust (1917) devoted some attention to the effect of larval trematodes 
upon several species of snails. Cytological evidence was presented to 
show that liver cell changes took place following invasion of the snail by 
the parasites. He stated, ‘Tn an examination of living material and 
sections of infected mollusk liver tissue, no infection was found to be so 
light that the host was unharmed.’’ 

Wesenberg-Lund (1934) described the effect of larval trematodes 
upon four species of snails. He recorded one ‘humor-like” growth in a 
snail which he attributed to the effect of the larval parasites and stated 
that “The liver was almost destroyed.” 

Rothschild (1938) concluded that snails of the genus and species 
Per’uigia iilvae when parasitized by trematodes were smaller than other 
individuals of the same age that were not parasitized. 

The present study was limited to the effect of four species of larval 
trematodes upon the liver and ovotestis of Stagnicola emargimta angulata 
in an effort to determine : ( 1 ) whether different species of parasites had 
appreciably different effects upon the same species of snail host; (2) what 
effect the presence of large numbers of parasites had upon the ovotestis 
and the tubules of the liver ; and (3) whether or not parasites w^efe found 
within the lumina of the liver tubules or ovotestis. 


Received for publication, July 2, 1940-. 

* Acknowledgment is made to Dr. Sterling Brackett, University of Wisconsin, 
who provided the snails used in this study and identified the species of trematode 
parasitizing each snail. 
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MATERIALS AND METHODS 

All the snails used in this work were Stagnicola emctrgincita angulata 
and were collected from Douglas Lake, Michigan.- The cercariae from 
each snail were identified while alive and the snail was then extracted from 
the shell. The upper half of the snail, constituting liver to the unaided 
eye, was detached from the rest of the animal and the two pieces fixed 
together in Gilson's fluid. The specimen infected with Plagiorchis muris 
was fixed in Goldschmidt’s fixative. 

After fixation the specimens were transferred to dioxan until the 
time when they could be embedded in paraffin. The paraffin blocks were 
sectioned 8 to 14 microns thick, affixed to slides and stained in Semicon’s 
carmine. When a strong, fresh stain was used, one hour in the stain was 
adequate to pi'oduce a sharp differentiation of the tissues. After staining, 
the slides were washed in 70 per cent alcohol, dehydrated in dioxan and 
mounted in damar. 

The cercariae coming from the infected snails were identified respec- 
tively as: Cercaria laniei (Cort and Brooks, 1928), Plagiorchis muris 
(McMullen, 1937), Cercaria yogena (Cort and Brackett, 1937) and 
Diplostomum ftexicaudum (Cort and Brackett, 1937). All snails studied 
had been shedding only one kind of cercariae at the time that they were 
killed. A snail which was not shedding cercariae into the water at the 
time of examination and in which no cercariae were found after sectioning 
was studied for comparisons with the infected snails. Careful examination 
of the entire liver of each snail was made. 

DATA 

The liver of an uninfected snail identified as Stagnicola emarginata 
angulata was made up of a fairly compact mass of tubules held in place by 
a loose network of connective tissue, the latter of which was not conl- 
pletely continuous. The whole mass of the liver was confined by a distinct 
and continuous limiting membrane. Toward the anterior end of the 
liver larger thin-walled ducts with a villi-like mucosa and rather large 
lumina connected the liver to the intestine. These have been designated 
liver ducts. The tubules of the liver itself were two cells thick with a 
distinct lumen in each tubule. An amorphous material that stained 
lightly with Semicon’s carmine often was found in the lumen of the liver 
tubules. Light staining areas in the cells making up the inner wall of the 
tubules indicated that some soluble substance had been present which the 
dioxan or alcohol had removed. 

In the uninfected snails the liver tubules were distributed evenly within 
the liver. In a cross-section in the upper third of the liver there were 
found to be 112 disconnected liver tubules. This number was not an 
average ; it was recorded because it was the count on a section similar to 
ones studied in infected snails later in this paj^er. 


L 






PRATT AND BARTON--~EFFECTS OF LARVAL TREMATQDES 2SS 


The ovotestis of the uninfected snail was embedded within the body 
of the liver and was made up of a very thin- walled sac which extended a 
considerable distance within the liver. Within the ovotestis numerous 
partially developed eggs were to be seen attached to the wall. There 
were no sperm present, but that was explained by the fact that the snails 
were killed in August after the male phase had been completed and the 
animals were functional females, 

A snail infected with Cercaria yogena was prepared for detailed study. 
One parasite was found in the small upper end of the liver and three 
more somewhat farther along lying just under the limiting membrane. 
In neither of these sites were the parasites in close contact with the liver 
tubules. Farther forward six specimens were found lying loosely about 
the hermaphroditic duct in the connective tissue which was rather 
abundant in that area. 

At the place where the intestine reached its most posterior extent 
and bent upon itself toward the anterior, there were nine parasites lying 
alongside the intestine. Slightly anterior to this point the hermaphroditic 
duct came to lie between the two loops of the intestine, and the three 
tubes were loosely held together by connective tissue. From this point 
forward the parasites became more numerous and were located in this 
connective tissue. At the smaller anterior or lower end of the liver a. 
count was made of liver tubules and parasites in cross-section. The 
section selected contained 29 liver tubules and 58 parasites. 

This snail had a medium to light infection, and the parasites remained 
in the central area of connective tissue previously mentioned. None 
was found far enough toward the periphery of the liver to be surrounded 
completely by liver tubules with the possible exception of the two groups 
on the extreme upper end of the liver. The parasites did not lie against 
the liver tubules and none was within the lumen of either a liver tubule 
or a reproductive organ. 

Only ova were present within the ovotestis, but the snail had been 
killed in August, as had the previous one. Neither the liver nor the 
ovotestis showed obvious signs of injury in this snail. 

A snail infected with Cercaria laruei w^as carefully examined for the 
characteristics of that infection. The snail chosen was heavily infected 
so that an estimate of the number of parasites present was not attempted,: 
At the tip of the liver beyond the ovotestis where no tubes or open spaces 
provided a natural avtenue for penetration, four parasites were present 
among the tubules. A short distance toward the anterior the parasites, 
became numerous and were concentrated in the central area of the liver,, 
while the liver tubules were found to occupy the periphery of that organ. 
* Thin-walled sacs were present in the center of the liver and could be 
identified by location and nature of the sac wall as ovotestis, but neither 
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eggs nor sperm were present. A few cells were present in the sac. 
Similar cells had been identified as primordial germ cells m other mateiial. 
The snail appeared to be sterile. No parashes were found within the 
lumina of the ovotestis, the various ducts or liver tubules. 

A complete cross-section contained 76 parasites and 49 liver tubules. 
The parasites were rather small and the liver tabules were smaller than 
in either the negative or in the snail infected with Cercana yogem. The 
network of connective tissue of the snail was evident only m the peri- 
pheral areas of the liver between the tubules where there were no parashes. 
It seemed probable that the presence of the parasites and their migrations 
had destroyed the central area of connective tissue which was present in 

the uninfected snail liver. . ^ ^ ^ 

The snail that was infected with Plagiorchis irntris larvae was heavily 
parasitized. Parasites were found among the liver tubules even far up 
at the tip of the liver. The tendency observed in the infection by 
Cercaria yogem, iov the sporocysts and rediae to stay in the open spaces 
or along the outside of the loops of the intestine was not discernible in 
this infection. The large number of parasites present' might have iiv 
fluenced the more general distribution among the liver tubules. The 
parasites did not crowd against the liver tubules, however, but shared the 
available space within the liver in a fashion similar to the distribution 
pattern of the liver tubules. The site of heaviest infection was an area 
that adjoined the intestine. This suggested that the path of ingress had 
been along the intestine. 

Careful search was made for the ovotestis and related ducts, but no 
unmistakable part of that gland was found. The parasites were very 
numerous in that part of the liver where the ovotestis was imbedded in 
other specimens. This snail was killed and fixed at the same time of 
year as the other specimens in which an ovotestis was conspicuous. 

A survey of the entire cross-section in the middle of the liver was 
made. There were 149 liver tubules and 117 parasites present. In one 
area where a liver tubule was flanked closely on either side by a parasite, 
the one end of the tubule was open, and the external cell layer of the 
liver tubule was absent. This was an exception and was the only one 
seen in thousands of liver tubules studied. 

The parasites in this snail were of various sizes with numerous large 
cyst forms. The invasion among the liver tubules was more pronounced 
than in the other snails studied and the absence of an ovotestis was 
remarkable. 

The infection with Diplostomum flexicaudmn was heavy. An entire 
cross-section contained 48 liver tubules and 101 distinct parasites in 
addition to material not countable. The last was probably parts of cer- 
cariae already freed from their mother cyst. The parasites were crowded 
in amongst the liver tubules, but were thickest in the central area of 
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the liver. Many of the liver tubules were normal in appearance, but 
those in the central, area of the organ where the parasites were thickest 
were smaller than the rest and took the stain more deeply than did the 
larger tubules at the periphery. Where parasites actually touched liver 
tubules in this snail, the outer layer of cells of the tubule did not appear 
modified by the proximity of the cyst. 

The ovotestis was identified in this snail, but no eggs or sperm were 
present. The thin- walled sac was not invaded by flukes and the lumen 
was of normal size. Although the organ contained no eggs, there were 
present peculiar brown structures of irregular shape and a few cells that 
appeared to be primordia of germ cells. 

DISCUSSION 

The avenues of invasion of the snail by the larval trematodes, as far 
as could be determined, followed up the intestine and hermaphroditic 
duct and from thence into the body of the liver. The majority of the 
parasites remained in the central area of the liver. This was observed in 
the infections produced by four different species of trematodes. The 
parasites were found in the loose connective tissue between liver tubules 
and surrounding the intestine, ovotestis and hermaphroditic duct, but not 
within any of these ducts. 

Variations in the different infections might 'well have been the result 
of differences in severity of infection. The Cercaria yogena infection did 
not seem to have harmed the snail as greatly as did the other three, but 
the number of parasites in the snail in this infection was markedly fewer. 
This infection was studied at greater length than the others because it 
was light enough to suggest which areas in the snail were first sought 
by invading trematodes. ' 

The effect on the liver tubules was hard to demonstrate. A glance 
at the liver of a heavily infected snail gave the impression that the para- 
sites had taken over the central area of the liver, and that the number 
of liver tubules was fewer as compared 'with an uninfected snail. These 
impressions were not quantitatively verified. The liver tubules in the 
center of the liver in heavily infected specimens were smaller than those 
on the same section at the periphery. In one case {Plagiorchis miiris) 
there was no other obvious reason for the breakdown of the liver tubule 
in the center of a section than the close proximity on both sides of large 
parasites. The difference in staining of the tubules that were surrounded 
by parasites was probably an indication of changes or even degeneration 
of the liver tubule. 

The ovotestis in both the uninfected snail and in the one lightly in- 
fected with Cercaria yogena appeared capable of producing ova. There 
was no evidence of any partially developed eggs in the snails infected with 
Cercaria laruei and Diplostomum flexica/udum, although the thin-walled 
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ovotestis was present and intact. The snail harboring the infection of 
Plagiorchis muris was unique in that there was no trace of the ovotestis. 
It seemed probable that heavy infections of trematode larvae had 
rendered the latter three snails sterile. 

In none of the snails studied was there any evidence that the parasites 
penetrated into the lumen of any of the various ducts present. 

SUMMARY 

1. Serial sections were made of the livers of five specimens of the 
irtslTWB.ter snml Stagnicola emarginafa angulata (Sowerby). 

2. One snail was not shedding cercariae at the time that it was killed, 
and microscopic examination of the whole animal showed that no 
parasites were present. 

3. One snail was infected rather lightly with Cercaria yogena. 

4. Three snails were heavily parasitized by Cercaria laruei, Plagi- 
orchis muris and Diplostonium flexicaudum respectively. 

5. No appreciable difference in method or effect of invasion by the 
four species of treniatodes in the same species of snail could be 
distinguished. 

6. The effects of a heavy infection was to reduce the apparent number 
of liver tubules and to limit the liver tubules to the periphery of the liver. 
The parasites filled the central area. In only one case did there seem 
to be evidence of destruction of liver tissue by the proximity of parasites. 

7. In the snail infected with Cercaria yogena the ovotestis was appar- 
ently normal as compared with that of the uninfected snail. The ovo- 
testis was present but contained no developing eggs in the two snails 
infected with Cercaria laruei and Diplostomum flexicaudum. The ovo- 
testis was not present in the snail infected with Plagiorchis muris. 

8. In no instance was a parasite found within the lumen of liver 
tubule, ovotestis, hermaphroditic duct, or intestine. 
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THE REDISCOVERY TOGETHER WITH THE MORPHOLOGY 
OF THE LEECH, BRANCHELLION RAVEN ELI I 
(GIRARD, 1850) 



; Marvin C. Meyer 

I Department of Zoology, University of Kentucky, Lexington 

i 

Through the courtesy of Dr. Ross F. Nigrelli, of the New York 
J Aquarium, I have been able to examine sixty-six specimens of Bi^ancheL 

I lion ravenelii (Girard, 1850), collected March 3, 1939, at Lemon Bay, 

, Florida. Thirty-two of these specimens were taken from the ventral 

I external surface of Dasyatis hastatns (DeKay, 1842),^ the remaining 

twenty-four, from the same location on Amphotistius sahinus (LeSueur, 
I 1824). 

\ Dr. S. C. Ball, Curator, Peabody Museum of Natural History of Yale 

j University, kindly sent me for my examination all of Verrilhs leech 

; collection which the former was able to assemble. 

I Branchellion ravenelii is a leech, Piscicolidae, first described by 

j Girard, 1850, from a skate taken at Charleston, South Carolina. Verrill 

I (1874 : 624) reported the species from ‘‘Vineyard Sound, on a stingi'ay 

! (Myliobatis freminvellei) [•= Aetobatus jreminmllii], in several instances, 

■ a number usually occurred together.'’ 

I In describing the species Girard mistook the anterior for the posterior 

J end and was unaware that the animal under consideration was a leech, 

i His nebulous description, in part, follows : 

I, In whatever light we may view the animal kingdom, whether forming a series, 

I one uninterrupted, from simple to more complicated forms, or composed of groups 

f independent from each other, it remains as a fact, that the animal now under consid- 

' eration, combines in itself, the general character of two distinct groups. Its general 

form is framed upon the plan of Piscicola, but, in addition, it has lateral appendages, 

1 (gills) reminding us of the same organs among annelids proper. 

: The body is flat, elongated, terminated at both extremities by a disk, on which 

* the animal crawls about, in the fashion of the earth measurer, caterpillar, and 

t leeches. 

Indeed the body seems more alike that of a leech, thus showing a third group to 
which it bears a great analogy. • 

! At the conclusion of this paper, Professor Agassiz stated, that it is very rare to 
find intermediate animals existing between types. Now this specimen exhibits char- 
acters of three groups, and thus plainly shows that these characters can not have 
much value as the bases of types. 

; Although Diesing (1859: 482-483) listed the species {Branchiobdella 

ravenelii) in “Sy sterna Helminthum,” he did nothing more than copy 
I Girard’s confused description. Pratt included the species in his “Manual 

I of the Common Invertebrate Animals.” The foregoing are the only 

I ^ 

I Received for publication, July 8, 1940. 

I 1 The fish nomenclature here followed is that adopted by Jordan et al, 1930. 
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records of B. raveneliL No further data regarding the species are avail- 
able except in the form of the references of Diesing, Verrill, and Pratt, 
none of which deal with internal morphology. 

Upon an examination, however, of Verriirs material, in which there 
was one specimen clearly belonging to the genus Branchellion and labeled 
'Thyllobranchus ravenelii. Vineyard Sd.,’’ it appears questionable that he 
collected B, raveneliL Instead, Verrill’s specimen should have been as- 
signed to the well established type species, Branchellion torpedinis 
Savigny, 1820, since it possesses thirty-three pairs of lateral, broad, 
foiiaceous, lobed or scalloped, branchiae. If the figure accompanying 
Verriil’s article (PL XVIII, Fig. 89‘") is based on the specimen examined, 
he erred, because in the drawing only thirty-two pairs of such branchiae 
are shown. Because only one specimen was available, it was not possible 
to dissect or section it in order that a comparison between the reproductive 
systems of B, ravenelii and B, torpedinis, as worked out by Sukatschoff, 
could be made. 

The most striking characteristic of B. ravenelii consists in its having 
thirty-one pairs of lamellar branchiae along each side of the posterior f of 
the body. It is also to be noted that the posterior sucker (anterior of 
Girard and of Diesing) possesses about 400 cupules situated on its 
ventral surface. The body is sharply demarcated into trachelosomal, pre- 
urosomal, and urosomal regions and the sucker belonging with the first 
and third. The two anterior rings of the urosome extend forward over 
the smaller anterior trachelosome, forming the pre-urosome or ''collar'' 
of some authors. 

For study the material was prepared in the same manner as described 
in a previous publication by the writer (1940: 335). The species under 
consideration consequently corresponds to the synonyms and the following 
diagnosis : 

(Figs. 1-3) 

Synonyms: Branchellion revenelii (Girard, 1850); Phyllobrdnchus ravenelii 
Girard, 1850; Branchiobdella ravenelii Diesing, 1859; Branchellion reveneli Pratt, 
1916. 

Body is sharply divided into two regions ; the trachelosomal comprises about i 
the total length and is composed of twelve segments, the urosomal consists of twenty- 
two somites and comprises the remaining the total length. Ratio of over-all length 
to width about 10: 1. Somites in the region of the testes composed of three distinct 
annuli. The anterior sucker is small as compared with the posterior, very concave, 
cup shaped, bearing a small, exterior non-tubercular, inclined lip. Sucker eccentri- 
cally attached, in diameter equal to the transverse width of the urosome (not includ- 
ing branchiae) . One pair of pigmented, irregular and asymmetrical eyes placed mid- 
longitudinally on the anterior sucker. The strongly ventrally directed posterior 
sucker is centrally attached to the well-defined urosomal peduncle. Sucker is cir- 
cular, very concave, with a contracted rim in some specimens, in others it is discoidal. 
On ventral surface are about 400 cupules. Diameter of sucker equal to transverse 
width of urosome + lateral branchiae. Beginning with XlllaS and ending with 

2 Drawn by J. H. Emerton. 
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XXIV, each ring bears, on its anterior margin, a pair of lateral, broad, foliaceons 

branchiae; a total of thirty-one pairs. Eleven pairs of diaphanous respiratory i, 

vesicles arranged segmentally, beginning with XIIIa2 and continuing posteriorly. J 

Distinct prepuce is present Five pairs of testes and a seminal vesicle. Stomach !' 

possesses paired lateral expansions between adjacent testes. Male gonopore on ^ 

XIa2, female on XIIa2, separated by two annuli. Copulatory area, cocoon glands 
and ducts conspicuous. Intestine begins a short distance posterior to the last pair 

of testes and is characterized by four paired lateral, posteriorly directed expan- i 

sions. Rectum large. Intestinal cecum coheres at five places. Anus opens posterior 

to XXVII. i 

Branchellion ravenelii v 2 .v\ts in size^ within fairly wide limits. The ; 

average length is about IS. 0 mm (suckers included), while the average p 

breadth is about 5.0 mm (branchiae included) or 2.5 mm (not including t 

branchiae) at the widest place on the body. These measurements are ^ 

not standard, however, since larger and smaller sexually mature specimens | 


were observed. 

EXTERNAL MORPHOLOGY 

The description which follows is based on the dorsal aspect; body 
elongated, depressed, slightly convex dorsally, entirely flat ventrally. This 
cross-section picture is, however, more characteristic of the urosome than 
the trachelosome, which is more elliptical or cylindrical. The body is 
sharply divided into two distinct regions (Fig. 3) ; the first comprises 
about of the total length and is composed of twelve somites (twenty- 
rings), and the second comprises twenty-two somites (thirty-nine rings), 
representing the remaining -f of the total length. Of the twelve somites 
contained in the trachelosome, I-IV are absorbed by the anterior sucker, 
and from XXVIII-XXXIV of the urosome are absorbed by the posterior 
sucker, leaving twenty-three somites free in the body. The dorsal surface 
is void of neural annulus, metameric sensillae such as are found in 
Branchellion torpedinis. 

Regarding the color of B. ravenelii, I can do nothing more than 
describe the condition of specimens preserved in alcohol. The ground 
color values from whitish to gray, with gray perhaps predominating. If 
more color and/or color markings were present in life they have been 
removed by the preservative. 

Trachelosomal Region, The trachelosomal region (Fig. 2) may be 
conveniently divided into the anterior sucker, pre-clitellum, and the clitel- 
lum. The sucker plus one small somite represents somites I-IV. The 
oral sucker is small as compared with the posterior, very concave, cup 

3 Fundamentally, size is of little value taxonomicaily. But it cannot be 
denied that the relationship of body width to length, the body proper length (exclu- 
sive of suckers), the features separating the trachelosome from the urosome, the 
over-all length (body proper + suckers ) , the separation and the absolute and relative 
development of the two suckers — all of these are deserving of consideration. In 
other words, these characteristics seem to be of greatest value when other related 
forms are being compared in detail and not indicated by linear dimensions only. 
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shaped, bearing a small, exterior non'-tubercular, inclined lip. The sucker, 
which in diameter is equal to the transverse width of the urosome (ex- 
clusive of the branchiae), surrounds the mouth. A single pair of pig- 
mented, irregular and asymmetrical eyes are placed mid-longitudinally on 
the sucker. Somite V is composed of three small annuli ; somite VI, of 
three annuli slightly larger in both dimensions than those of V ; somite VII, 
of a small anterior and a larger posterior annulus; somite VIII, of two 
large annuli, each being equal in length to the posterior annulus of VII ; 
somite IX, of two incomplete annuli, the anterior being about twice the 
length of the posterior; somite X, of two complete annuli of which the 
posterior annulus is twice the length of the anterior and show^s a faint 
constriction w^hich probably represents the tendency to divide to form a 
primary somite of three annuli. The clitellar region is composed of 
somites XI and XII, each of which is composed of three approximately 
equal annuli. In somite XI, beginning with al, a2, and a3 each show^s a 
diminution in transverse width. In XII, annuli al, a2, and a3 are ap- 
proximately equal when measured cross- wise, but al is nearly equal to 
a2 + a3 wdien considered longitudinally. On a2 of XI the male gonopore 
opens, and on a2 of XII the female gonopore. Beginning with V and 
continuing through IX, the annuli, instead of being divided by straight 
transverse lines as is commonly the case, are separated by corrugated or 
serrated lines. The three annuli of XII and about half of XIa3 are 
covered by the pre-urosome. 

As is evident from the above somite-annuli analysis, the somites do not 
show a definite graduated increase as to the number of annuli comprising 
the respective somites. They do, however, show a constant, uniform 
length increase, and beginning with somite VII each somite contains a 
neural ganglion which is located mid-longitudinally. Because the pres- 
ence of a gjtnglion is the fundamental test of a segment, it seems that this 
is of greater significance and consequently should receive greater con- 
sideration than the mere somite-annuli arrangement. Although a con- 
stant somite-annuli increase does exist in some forms (i.e., Glossi- 
phoniidae) , a non-uniform increase is not uncommon in certain 
Piscicolipae; viz., Pontobdella Trachelobdella spp., Stibarobdella 
sp. and others. 

Ur osomal Region, The posterior region which comprises about -f of 
the over-all length may be conveniently divided into the pre-urosome, 
urosome, and the posterior sucker. The sides of the body are parallel 
for their entire distance, with the exception that there is a slight narrowdng 
anteriorly through the three anterior-most rings and posteriorly, beginning 
with XXIV, there is a more noticeable constriction, forming a peduncle 
to which the sucker is attached. There are twenty-two segments com- 
prising the urosome which are divided into thirty-nine rings. Beginning 
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with XIIIa3 and ending with XXIV, each ring bears, on its anterior 
margin, a pair of lateral, broad, foliaceous branchiae which are almost 
half as long as the body is wide. Beginning with XIIIa2 and continuing 
posteriorly, eleven pairs of diaphanous respiratory vesicles are found. 
The first pair of vesicles occurs one annulus anterior to the first pair of 
branchiae, and all vesicles are located on the neural annulus, with the 
exception of the eleventh or last pair of vesicles. The second pair is in 
juxtaposition with the third pair of branchiae, the third with the sixth, 
and thereafter the vesicles occur in conjunction with every third pair 
of successive branchiae. The anus opens dorsally porterior to XXVIL 
The somites are of the primary or tri~annulate type, with the exception 
of XIII and those in the posterior region where somite-annulus diminution 
makes its appearance. Somite XIII is composed of two approximately 
equal annuli and two anterior, smaller equal rings the former two consti- 
tute a portion of the urosome, while the latter two form the pre-urosome 
or prepuce. The interpretation that the preputial fold is composed of two 
rings agrees with Apathy’s interpretation (1888: 170) of the preputial 
fold in Branchellion torpedinis. However, he regarded the region in 
question as constituting a complete somite within itself. If one analyzes 
the neural annulus (the one which carries the respiratory vesicles) as the 
first annulus of the somite (current then) instead of the center of the 
tri-annulate somite (current now), B. ravenelii agrees exactly with jB. 
torpedinis or vice versa. 

Since the two rings composing the pre-urosome do not constitute a 
true part of a-neuromere, gonomere and/or gastromere, it appears logical 
to consider them analogous to the first annulus of a typical tri-annulate 
somite, though somewhat atypical. If one considers this somite (XIII) 
analogous to the typical tri-annulate somite, there are ten such tri-annulate 
or primary somites which are followed by five comprising a lesser num- 
ber of annuli. Somite XXIII is considered to be formed of two equal 
annuli; XXIV, XXV, XXVI, and XXVII are composed of a single 
annulus. The posterior sucker + one ring, which contains the posterior 
ganglionic mass, is assumed to represent seven somites. Therefore, the 
body is composed of thirty-four somites, the number composing a leech 
as determined by Moore and by Castle, whose conclusions were followed 
by subsequent workers. 

The strongly developed posterior sucker, which is directed strongly 
ventrally, is centrally attached to the well-defined urosomal peduncle. 
This sucker is circular, much larger than the oral, very concave and 
exactly terminal, with a contracted rim in some specimens, while in others 
it is discoidal. On the ventral surface there exists about 400 cupules or 
secondary suckers. 
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DIGESTIVE SYSTEM 

The rather small mouth opening is situated 
cupuliform sucker, 
numerous ducts of the conspicuous 
some 

sheath consists of 
distance from the mouth to 
It is partly surrounded by tl 
side the esophageal glands al- 
and proboscis is an adaptatic 
muscular, the proboscis bein^^ 

thrust through the small oral opening in the leech's 
the tissues of the host. 

A narrow, thin- walled tube which is called the esophagus passes 
posteriorly from the proboscis to somite XIV, where it expands into -the 
stomach. The stomach possesses four pairs of single digitate expansions 
known as the stomach diverticula, which exist between the five pairs of 
testes. Between each pair of testes, the stomach is constricted^ so as to 
fall within the space between the testes comprising the pair. The intestinal 
cecum, which continues posteriorly to XXIII/XXIV and is placed ven- 
trally to the intestine, has no lateral diverticula. Apparently this intestinal 
cecum represents two fused ceca which cohere at five places and cor- 
responds to the fourth stage in the development of cohesion from the 
primitive pair of ceca, as figured by Johansson (1896, PL VIII, Fig. 82) 
for Piscicold gco'i'i'ictru. The first lacuna of the intestinal cecum is con 
tained in XVIIIa2-a3, and the three following ones are located in succes- 
sive somites in the same annular position. The fifth lacuna, ^however, is 
lonp-er and consequently is contained in the first ring of XXIII, and in 


The proboscis ends in VIII, where it receives tiie 
esophageal glands, which are situated 
distance anterior to the point of their emptying level. The proboscis 
a tube with thick and muscular walls and covers the 
the level where the esophageal ducts empty, 
large anterior ganglionic mass, and on each 
j linearly arranged. The proboscis sheath 
of the pharynx, which has become highly 
tg free, protractile and thus capable of being 
anterior sucker into 
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its diverticula, intestinal cecum, intestine with its diverticula, rectum, and 
anus. 

REPRODUCTIVE SYSTEM 

As is true of other leeches, Branchellion ravenelii is monoecious and 
the male and female gonads are paired. The reproductive system is of 
great systematic value because of the great variety exhibited in the details 
of the various parts. 

If one examines one of these animals on the ventral surface, one sees 
very clearly a large orifice ; it is the male gonopore and is situated at 
XIa 2. The female gonopore, a great deal smaller, cannot be clearly seen 
exteriorly because it is hidden by the integumentary fold w’'hich surrounds 
the genital region (clitellum) in the fashion of a prepuce, and is known as 
the pre-urosome. 

Male Genitalia, There are five pairs of testes disposed between 
XlllaS and X Villa 1, lateral to the stomach and between its lateral 
diverticula; i.e., intersegmentally, since the diverticula occur intraseg- 
nientally. From each testis proceeds latero-anteiiorly a small ciliated 
duct, the vas efferens, there being as many vasa efferentia as there are 
testes. Laterally from the posterior testis and proceeding anteriorly 
on each side, is the ciliated vas deferens, which in its course receives the 
remaining vasa efferentia. The vasa deferentia are in the region of the 
testes very fine tubes little larger than the vasa efferentia, but having a 
larger lumen. 

Anterior to the first pair of testes, in XIIIa2, each vas deferens curves 
slightly inward, forms a short straight loop, then continues anteriorly 
through the clitellar region. At the level of the male gonopore (XIa2) 
the vasa deferentia curve abruptly outward and continue anteriorly be- 
fore expanding into the paired seminal vesicles. It is in the seminal 
vesicles that the spermatozoa become cemented together in compact 
bundles, known as spermatophores, and are stored for future use. From 
each seminal vesicle an ejaculatory canal continues anterio-latero-ventrally, 
becomes thinner, and takes on several sinuosities before opening to the 
inside and anteriorly into the well developed, spacious, glandular terminal 
portion, or atrium. It is muscular and evidently protrusible. 

Female Genitalia. The female reproductive organs consist of a pair 
of ovaries, swollen at their posterior part, and extending posteriorly to the 
posterior border of XlVal. The oviducts are slender and unite in front 
of XllaS to form a common muscular oviductal gonopore opening in 
XIIa2. 

A copulatory area does ozcnt in Branchellion ravenelii y^^ 
to that shown by Brumpt (1901: 73) for B. tor pedinis. In frontal and 
transverse sections this area is observed to begin posterior to the female 
gonopore and extend into the pre-urosome. 
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Cocoon Glands. These glands— which, however, are present in 
almost all Hieudinea, — show their greatest development in the Pisci- 
COLIDAE. The prominent ducts of these glands (clitellar glands of 
Bourne) always open on the clitellum and are very conspicuous. The 
glands extend from the posterior limit of the clitellum to the region neai 
the anus, forming a continuous layer beneath the longitudinal muscle 
layers and are imbedded in the dense body parenchyma. The glands are 
formed of spherical cells somewhat elongated in the direction of the 
body length. 

NERVOUS SYSTEM 

Inasmuch as the presence of a ganglion is the fundamental test of a 
segment, there are thirty-four ganglia in the central nervous system. 
Thus, the circumpharyngeal ganglionic mass contains six, and the posterior 
ganglionic mass contains seven fused ganglia. Twenty-one free single 
ganglia lie, metamerically disposed, within the limits of the somite 
in the ventral chain, between the anterior and posterior masses. 

The ventral, median gangliated nerve-chain with its connecting com- 
missures runs from the base of the urosomal peduncle to V and VI wheie 
the large cephalic ganglionic mass encircles the pharynx. The anterior 
ganglionic mass represents six closely joined neuromeres and the 
posterior ganglionic mass seven. 

Throughout the middle portion of the body the nerve-chain ganglia 
are about equal distances apart, but toward the ends they are crowded 
closer together. 

SUMMARY 

Material collected from the coast of Florida has rendered possible a 
detailed morphological study of Branchellion ravenelii (Girard, 1850), 
including for the first time the internal morphology of this species. Ver- 
rilhs leech collection, in which was one specimen labeled Phyllobranchus 
TCivBnelii'=-Brcmchellion rcivcnMu, has been available for comparison. 
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A — anus 
AT — atrium 
I C — cupule 

. CL — cecal lacuna 

I E — esophagus 

I ED — esophageal gland duct 

I EG — esophageal gland 

; EJ — ejaculatory duct 

l’ 'LEY— eye. 

I ■ FG— female gonopore 

Each scale line represents 1 mm. 

Fig. 1. Transverse section through the posterior sucker, showing cupules. 

Fig. 2. Anterior region, showing in detail the reproductive systems and 
r annuli-somite arrangement of the trachelosome (Dorsal view). 

:■ Fig. 3. Dorsal drawing of entire animal, showing in' detail the digestive system. 
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Explanation of Plate 

G — ganglion 
I — intestine 
IC — intestinal cecum 
LB — lateral branchus 
LD — lateral diverticula 
M — mouth opening 
MG— male gonopore 
0— ovary 
OV— oviduct 
P— proboscis 


PS — proboscis sheath 
PU — preurosome 
R — rectum 

RV — respiratory vesicle 
S — stomach 

SD— stomach diverticula 
SV — seminal vesicle 
T— testis 

VD — vas deferens 
VE — vas efiferens 
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STUDIES ON THE LIFE HISTORY OF THE ANOPLOCEPH-- 
ALINE CESTODES OF HARES AND RABBITS^ 

Horace W. Stunkard 
New York University 

The anoplocephaline cestodes of rabbits and hares are distributed 
among the genera Andrya^ Cittotaenia, Parana place phala and Schiso- 
taenia. Reviews of the described species were published by Baer (1927) 
and Arnold (1938). The latter author showed that the cestodes from 
leporine hosts in North America are distinct from those of Europe. His 
findings are not surprising, since the hares of the two continents belong 
to different species and the rabbits to different genera. Two species of 
Andrya hzNt been described from European hares and rabbits and 
although the genus is represented in North America, no species have 
been reported from leporine hosts in the Western Hemisphere. Simi- 
larly Paranoplocephala wimerosa, described from hares and rabbits in 
Europe, is the only species recorded from these hosts, although additional 
species of the genus are known to infect other animals in different parts 
of the world. The genus Schizotaenia appears to be limited to the 
Western Hemisphere. Although S. amerkana occurs in hares in North 
America, none of the other species in either North or South America has 
been reported from leporine hosts. On the other hand, the genus Citto- 
taenia has representatives in both European and North American rabbits 
and hares: C. ctenoides, C, denticulata and C. pectinata in Europe and 
C. variabiliSj C. perplexa and C. pectinata americ ana in North America. 
Incidence of infection with European species oi Cittataenia was reported 
by Riehm (1881), John (1926), Rees (1933a), Stunkard (1934) and 
Evans (1940). John gave a detailed description of C. denticulata and 
Rees of C. pectinata; ’EYuns reported the incidence of the two species for 
each month of the year. It is interesting to note that these authors found 
C. pectinata and C. denticulata very common in wild rabbits of Great 
Britain, but did not report C, ctenaides, In Germany, Riehm found C. 
ctenaides the most common species in rabbits, while C, pectinata was 
rare in rabbits and common in hares. My i-ecords agree with those of 
Riehm. 

The life history of the anoplocephaline cestodes, which for more than 
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a half century has been one of the most enigmatic problems in parasitol- 
ogy, is now at least partially disclosed. Previous studies on the life 
cycle of these tapeworms were reviewed by Stunkard (1934). That 
paper recorded experiments conducted during the academic year 1931- 
1932 at the Institut fur Schiffs- und Tropenkrankheiten in an attempt 
to discover the life cycle of the cestodes of rabbits. These animals ap- 
peared to be ideally suited for such investigation. Rabbits are small, can 
be maintained in close confinement, and their food can be examined more 
easily for infective agents than that of larger herbivores. The wild 
rabbits of Northern Germany are heavily infected with tapeworms and 
since the domestic variety was derived from the wild European rabbit 
and is susceptible to infection with certain of the cestodes of wild rabbits, 
the selected location and species afforded an opportunity to pursue the 
study under favorable and well conti'olled conditions. Results of the 
experiments demonstrated that the onchospheres of Cittotaenia complete 
their development in the egg and that they do not become infective for 
the final host. Since direct infection in these species does not take place, 
an intermediate host must be necessary for the completion of the cycle. 
From bionomic data, the characteristic features of the intermediate host 
were clearly delineated. 

Utilizing the information acquired from the Hamburg experience, 
study of the life history of anoplocephaline cestodes w'as continued in 
New York and the life cycle of Moniezia expansa was worked out and 
reported (Stunkard, 1937a, 1937b, 1937c). Galumnid mites were found 
to serve as intermediate hosts and the results have been confirmed by 
Stoll (1938), Krull (1939a) and Shorb ( 1939). More complete ac- 
counts were presented by Stunkard (1939a, 1939b). The life cycle of 
a second anoplocephaline species, Bertiella studeri a parasite of monkeys 
and man, was reported by Stunkard (1939c, 1940a, 1940b). The life 
history of a third species, Cittotaenia ctenoides from European rabbits, 
was reported by Stunkard (1939d). The present paper presents a more 
complete account of the development of C. ctenoides, and observations on 
the life cycle of two other species, C. denticulata and C. pectinata. So 
far as known, all of these anoplocephaline cestodes employ oribatid mites 
as intermediate hosts; consequently it becomes increasingly probable 
that other members of the family have a similar life cycle. 
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EXPERIMENTAL METHODS AND RESULTS 

It was a great satisfaction to return to Hamburg in the summer of 
1938 to continue the studies begun there seven yeai's before. The dis- 
covery of the life cycle oi Moniezia expansa, which indicated that oribatid 
mites may serve as intermediate hosts of the rabbit cestodes, and the 
experience of the previous year in the ‘'Tropeninstitut’' were of value in 
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outlining* the present investigation. Wild i-abbits are not readily ob- 
tained in Hamburg during the summer and early autumn. Accordingly, 
it seemed wise to devote this period to the collection and dissection of 
mites, in an effort to discover cysticercoids of natural infection. Such 
cysticercoids could be fed to young, laboratory-raised domestic rabbits 
and if the larvae developed to sexual maturity it would be possible to 
identify both the cestodes and their field hosts. Information concerning 
the natural intermediate hosts would be very helpful in planning experi- 
mental infections later in the season when wild rabbits are abundant in 
the markets and eggs from identified cestodes can be obtained in large 
numbers. 

Representatives of the mites common in the Hamburg area were 
identified by Dr. Max Sellnick of Konigsberg. Grateful acknowledg- 
ment is made for his kindness in determining the material. Although 
identified specimens were used for comparison, it is possible that some 
of the mites examined for natural infections and others used later in 
feeding experiments were not correctly identified, because of the rapidity 
with which mites were dissected and the inherent difficulty of specific 
determination by one who is not a specialist in the group. 

Work on the life cycle of the rabbit cestodes was impeded during the 
fall by experiments conducted simultaneously to determine the life his- 
tory of Bertiella studerL In the latter studies (Stunkard, 1940a), eggs 
of the parasite were fed to many species of mites, collected in areas where 
they would not ordinarily be exposed to eggs of anoplocephaline tape- 
worms. The discovery that the onchospheres of Bertiella would emerge 
in the intestine of various mites and begin development in the body cavity, 
suggested that more than one species might be able to serve as inter- 
mediate hosts of this and other members of the family Anoplocepha- 
LIDAE. 

Experimental Injection oj Rahhits 

Mites were collected in the regions of Wohldorf and Duvestedt and 
dissected in the attempt to obtain natural infections with the cysticercoids 
of rabbit cestodes. Incidence of infection in mites would depend natu- 
rally on the number of rabbits in the district and on the incidence and 
intensity of infection among them. Consequently, mites were collected 
in areas where rabbit feces were abundant and yielded large numbers of 
cestode eggs. The collections were made after light rains or in the early 
morning or late evening. Larger numbers of mites could be collected on 
dark, cool, humid days. A moist area was selected wffiere the grass was 
at least 10 cm high. With a sharp garden tool, the roots of the grass 
w-ere cut 2 to 3 cm below the surface of the ground and pieces of sod 10 
to 20 cm in diameter were taken. These samples of earth, grass roots 
and grass were placed in closed containers and transported to the labora- 
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tory. The material was then screened through a fine sieve on a large 
piece of white paper which was brightly lighted. The light stimulated 
the mites to move and they were picked up with a moist, camers-hair 
brush, Kruli (1939b) described the method employed by him for the 
collection of oribatid mites. Grass was cut in the field and transferred 
to the laboratory where the mites were washed from it by warm or cold 
water. Krull stated, 'Tt appears that the actual number of mites on 
grass varies considerably, and that there are times, even in spring, when 
no mites can be recovered.'' 'He noted also, ''They appear to leave the 
grass when there is a high wind." I have observed that mites often drop 
from the grass when it is disturbed and the method of Krull would prob- 
ably recover only a fraction of the specimens present in an area. In the 
same paper Krull reported that mites can not ingest Moniezia eggs, but 
that the mite makes a hole in the shell and ingests the contents. Eggs 
to be accessible must be w^ell anchored ; otherwise they were merely pushed 
around. This observation by Krull is supported by my finding (January 
14, 1939) of six pyriform apparatuses with larvae inside them but with- 
out egg shells, in the intestine of a specimen of Liacarus coracinus which 
had been fed Citto taenia denticiilata eggs the previous day. 

Over six thousand mites, belonging to thirty-eight different species, 
were dissected between July 27th and November 1st. On September 
8th, in a specimen of Scut overt ex mimitus, I found a cysticercoid (Fig. 
25) which closely resembled that of Moniezia expansa. Examined in a 
drop of water without a coverglass, it measured 0.216 mm in width and 
0.18 mm in length. The apical end was slightly flattened and there was 
a small fibrous mass, the remains of the cercomere, attached at the base 
of the cyst. The cyst wall was firm and fibrous, and calcareous bodies 
were loose in the cavity between it and the scolex. The scolex was 0.13 
and the suckers 0.06-0.07 mm in diameter. Movement of the larva and 
suckers was noted. A small hole was made with a needle in a grain of 
wheat, the larva was placed in it and then fed to a half-grown rabbit. 
No. 1. The feces of the rabbit were examined twice each week. They 
w^ere negative until November 24th, wben seven cestode eggs were re- 
covered in the examination of forty fresh pellets. A few eggs were 
found in feces collected on November 25th, and they were abundant in 
feces collected November 26th. The rabbit was killed on this date and 
a single, full}?- developed specimen of C, ctenoides was found in the intes- 
tine. It was very active, and after removal of the sixteen terminal pro- 
glottids, the worm was extended and fixed. Eleven weeks had elapsed 
from the time the larva was ingested until eggs were found in the feces. 
A brief preliminary note, (Stunkard, 1939d) announced the life cycle of 
C. ctenoides. 

On September 19th, dissection of a specimen of Scheloribates laeviga- 
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ius yielded a cysticercoid. It was almost spherical, 0.188 mm in diam- 
eter, was slightly flattened at the apical end and bore a very short, stalk- 
; like cercomere. The cyst wall appeared to be a little thicker than the 

one found on September 8th, and there were more concretionary bodies 
between the larval scolex and the cyst wall. The larva was active within 
the cyst. The cysticercoid was placed in a grain of wheat and fed to a 
half-grown rabbit, No. 2. The feces of , the animal were examined twice 
a week for four months and no cestode eggs were found. At that time 
it was killed and no tapeworm was present. 

On September 19th, two cysticercoids were removed from a specimen 
i of Scut overt ex minutus. The3vwere similar to the one found on Sep- 

tember 8th, but one was slightly smaller. The cyst wall of the larger 
one was injured ditring the dissection; both were fed to the same young 
rabbit, No. 3. Biweekly examination of the feces of this rabbit for a 
four month period did not yield any cestode eggs and it was negative 
when dissected at that time. 

Other mites from infected areas were dissected during the winter 
and large numbers were examined in the spring of 1939. On May 8th, 
a cysticercoid which measured 0.216 by 0.2 mm was ionnA m Pelops 
tardus. It contained an active larva and was fed to a young rabbit, No. 
8. The rabbit was negative when dissected on May 30th. Since the 
three larvae found on September 19th failed to develop to sexual maturity 
and the one taken on May 8th was not recovered, their specific identity 
remains in question. It is probable that they were larvae of Cittotaenia, 

\ although deer range over the area and eggs of anoplocephaline tape- 

I worms, probably Moniesia, have been recovered from the feces of deer. 

f Experimental Infection of Mites 

5 The second phase of the investigation was concerned with attempts 

to infect mites by feeding them eggs of i*abbit cestodes. In the feeding 
experiments, only eggs from identified cestodes were used. To secure 
eggs for this purpose, 20 hares and 93 rabbits were dissected during the 
autumn and winter. None of the hares was infected and no specimens 
of C, pectinata were found. This result was unexpected since 10 of 56 
hares examined during the winter of 1931—1932 harbored C. pectinata 
and the worms were often present in large numbers, (Stunkard, 1934). 
Of the 93 rabbits examined, 63 yielded specimens of C. ctenoides, 8 con- 
tained specimens of C. denticulata, and 3 were infected with Andrya 
citnictdi. No mature specimens of A. cuniculi were found and since no 
eggs of C. pectinata or A, cuniculi were available, the experiments were 
limited to C. ctenoides and C, denticulata. Usually one or two, but 
never more than two mature specimens were found in a rabbit; often 
several immature specimens were present together with one or two ma- 

1 
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ture ones. The dissection of hares and rabbits during the two seasons, 
1931-1932 and 1938-1939, provided many small, immature specimens 
of all three species of Cittotacnia and made it possible to trace the succes- 
sive stages of their development in the final host. 

For experimental infection of intermediate hosts, mites were collected 
from areas to which rabbits would not have access. Representatives of 
all the common species were used in the experiments. The mites were 
maintained in culture dishes. Usually 200 to 300 mites of various spe- 
cies were placed in each culture. The dishes were kept at room tempera- 
ture, away from direct light and provided wdth abundant food and mois- 
ture. When mold growth became excessive, the mites were transferred 
to clean dishes. Eggs of C. ctenoides or C. denticulata were added to 
culture dishes as recorded below. When the mites were transferred to 
clean dishes, which was necessary every few days at least and often daily, 

' most of the cestode eggs were left behind. Since the cestode eggs were 

added to the mite cultures and allowed to remain there, it is impossible to 
tell when they were eaten and exact dates of infection are not available. 

" Presumably the eggs were ingested at different times and since the larvae 

remain viable in the eggs for weeks in moist chambers, repeated infec- 
tion probably occurred. The number of available eggs was rapidly 
diminished, however, by the successive transfers of the mites to clean 
nests. Some eggs were attached to the bodies of the mites and others 
! were dried on pieces of filter paper and transferred with them, but most 

of the infections were probably acquired during the first few days. Since 
the object of the experiment was to complete the cycle in the intermediate 
4 host, only those mites which died in the cultures were dissected. Often 

when dead mites were removed and examined, they were so dried inter- 
: nally that larvae, if present, would have disintegrated. The larvae are 

^ exceedingly delicate and changes in osmotic relations cause them to die 

and decompose. Many of the larvae were photographed alive, but they 
I’ were so fragile that they often disintegrated before the photograph could 

be made. The figures on plates I and II record successive stages in 
development, but blistering and other evidences of disorganization ap- 
pear in the figures. The dates of exposure and dissection, names of 
I hosts, with number and size of the larvae recovered, are presented in 

the following tables. Only those dissections which yielded larvae are 
recorded. The mites were dissected in a drop of water or Ringer's solu^ 
tion and sometimes two or more mites of a single species and from the 
same culture were dissected in a single drop. In such instances, it 
was not possible to determine with certainty the number of larvae which 
came from each mite. In the first series (Cultures I to III), begun on 
October 12th, the eggs came from proglottids which had been cut from a 
worm and the dissection of 50 mites during the first two weeks yielded 
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only two infections. It was feared that many of the larvae were not 
infective and so other eggs, from detached proglottids, were added on 
October 26th. With the procedure followed, it was impossible to deter- 
mine precisely when the eggs were eaten and allowance for this fact must 
be made in the interpretation of the results. 

Cultures I-III, exposed to eggs of C. ctenoides, October 12 and 26, 1938 
Dates of dissections and results 

October 17. Two Scutovertex recovered 2 living onchospheres ; 0.025 x 

0.022, and 0.022 x 0.02 mm. 

October 22. Two nymphs, Galumna sp. : recovered 6 larvae; largest 0.04 mm in 
diameter, one 0.03 mm, the others smaller. 

November 22. Three Schelorihates laevigatiis: recovered 5 larvae ; 0.065, 0.05, 
0.042, 0.038. and 0.032 mm in diameter. The 3 largest ones had small cavities. 
November 24. One Notaspis coleoptratus: recovered 5 larvae; 0.06, 0.048, 0.041, 
0.036, and 0.032 mm in diameter. 

November 26. One Scutovertex minutus: recovered 5 larvae; the largest (Fig. 2) 
was 0.09*5 mm in diameter, the smallest (Fig. 1) was merely an onchosphere, 
0.028 X 0.025 mm. 

Two Schelorihates laevigafus: recovered 3 larvae; 0.036 mm in diameter, 0.037x 
0.034, 0.022 x0.02 mm. 

One Trichoribates incisellus: recovered 3 larvae; 0.07 x 0.07, 0.038 x 0.034, and 
0.024 X 0.022 mm. 

November 28. One Schelorihates laevigatus: recovered 3 larvae; 0.075x0.075, 
0.032 X 0.028, and 0.022 x 0.02 mm. 

December 5. One Galumna obvious: recovered 3 larvae; largest 0.032x0.029 mm. 

One Galumna nervosus: recovered 2 larvae, largest 0.037 x 0.035 mm. 

December 10. One Schelorihates laevigatus : recovered 4 larvae; 0.15 x 0.13, 0.136 x 
0.1, 0.1x0.09, and 0.028x0.026 mm. 

December 14. One Schelorihates laevigatus: rtcoytttd 4 larvae; largest 0.035 x 
0.034, one 0,03 x 0.027 mm, others smaller, size not recorded. 

One Pelops acromius: recovered 1 larva; a young cysticercoid, cyst 0.2x0.18 
mm, cercomere 0.25 mm long and 0.08 mm wide at the base, with hooks at the 
distal end of the cercomere. On application of a coverglass the cyst opened and 
contents were everted (Fig. 9) ; the sucker pads were 0.055x0.048 mm. 
December 17. One Galumna obvious: recovered 14 larvae; 2 young cysticercoids, 
in one the cyst was 0.13 mm in diameter, the cercomere 0.32 mm long and 
0,07 mm wide at the base, with hooks at the tip. The other was about the same 
size. One pyriform larva measured 0,33x0.18 mm, others 0.23x0.16 mm, 
0.21x0.15 mm, 0.14x 0.13, 0.1 x 0.1 ; the smallest larva measured 0.065 mm in 
diameter. The young cysticercoids everted in Ringer's solution before a cover- 
glass was added and all the larvae disintegrated within 30 minutes. 

December 19. One Galumna obvious: recovered 10 larvae ; 2 young cysticercoids 
with cercomeres about 0.3 mm long (Figs. 12, 13, 14) ; the cyst of one (Fig. 14) 
0.2x0.19 mm, the other (Fig, 13) 0.17x0.17 mm. One larva was pyriform with 
cercomere (Fig. 8), the body 0.31 mm long with cercomere of almost equal 
length, the sucker discs near the anterior end and hooks in tip of cercomere were 
clearly visible. Two were vermiform, one (Figs. 6, 12) 0.413 mm long and 
0.18 mm in greatest width, the other 0.4x0.19 mm. The other larvae were 
smaller, the smallest 0.06 mm in diameter. 

December 20. One Galumna obvious: recovered 10 larvae; the largest was almost 
identical in size and appearance with the one shown in Fig. 8, one was pyriform 
with the beginning of cercomere constriction, the body 0.3 mm long (Fig. 7). 
Two were oval, 0.24x0.18 mm, and the other (Fig. 4) 0.2x 0.16 mm. The 
other larvae were smaller. One Galumna obvious: recovered 1 cysticercoid 
with small atrophied cercomere. It measured 0,18x0.17 and was fed to a young 
domestic rabbit. No. 4. 
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December 21. One Galumna obvious: recovered 12 larvae; 6 cysticcrcoids 0.17-0.2 
mm in diameter, all with cercomeres, some slightly longer and others shorter 
than the diameter of the cysts. All were fed to rabbit No. 4. There were 3 
. vermiform larvae, 0.28 to 0.36 mm in length, similar in appearance to Fig. 6. 
Three larvae were oval, 0.2 to 0.36 mm in length and corresponded in develop- 
ment to stages shown in Figs. 4 and 5. 

December 30, One Galumna obvious: recovered 3 larvae; the largest was pyriform 
and without coverglass measured 0.137x0.12 mm, the smallest was spherical 
and about one-half as large, 

December 31. One Liacarus coracimis: recovered 3 larvae ; the largest had pyriform 
body 0. IS mm long and 0.12 mm wide, the sucker pads were visible, the cer- 
comere was 0.24 mm long and 0.07 mm wide at the base. The other larvae were 
oval but blistered early and no measurements were recorded. 

Jmmsiry 3. One Scufovertex miniitus: recovered 3 cysticercoids, 0.21x0.18 mm 
with cercomeres. They were dried and somewhat flattened, fed to rabbit No. 4, 

January 5. One Liacarus coracimis: recovered 4 larvae; the largest (Fig. 5) was 
0.4 X 0.266 mm but shortened before the photograph was taken ; note the ger- 
minal cells in the specimen. The other larvae were oval, like Fig. 4. 

January 6. One Liacarus coracinus: recovered 5 larvae; 3 young cysticercoids with 
cercomeres about as long as the diameter of the cysts, fed to rabbit No. 4. One 
larva was pyriform with beginnings of cercomere constriction, one was vermi- 
form. 

January 6. One Galumna obvious: recovered 8 larvae; 1 cysticercoid was fed to 
rabbit No, 4, 3 pyriform larvae with cercomeres like Figs. 7 and 8, 4 spherical 
to oval larvae without cercomeres. 

Culture IV, exposed to eggs of C. ctenoides, November 21, 1938 

November 29. Scheloribates laevigatus: 1 larva; 0.031x0.027 mm. 

December 14. Trichoribates incisellus: 6 larvae; largest 0.136x0.12 mm, another 
about the same size, 1 measured 0,11x0.1 mm (Fig. 3, note the blister and body 
cavity) , the smallest was 0.026 X 0.023 mm, 

December 27. Cepheus cepheiformis: 7 larvae; largest 0.11 mm in diameter, small- 
est 0.07 mm in diameter, all were spherical with cavities. 

Notaspis coleoptraius: 12 larvae; largest spherical 0.087 mm, smallest 0.034 x 
0.03 mm, 

Notaspis coleo.ptrahis: 6 larvae; largest spherical 0.08 mm, smallest 0.032x0.03 
mm. " 

December 28. Notaspis coleoptraius: 3 larvae; the largest pyriform changed to oval 
0.13x0.094 mm, second spherical 0.087 mm, smallest 0.05 mm in diameter. 

January 2. Scheloribates laevigatus: 3 larvae ; spherical 0.072, 0.052, and 0.042 mm. 

January 23. Notaspis coleoptraius: 4 larvae; 3 cysticercoids, cysts 0.14, 0.13, and 
0.12 mm, with cercomeres about as long as the diameter of the cysts, 1 oval larva 
0.146 X 0.128 nini. 

Scheloribates laevigatus (laboratory ' raised specimen) : 6 larvae; the largest 
vermiform 0.288 mm long x 0.1 mm wide, the second measured 0.2x0.13 mm, 
the smallest was spherical 0.09 mm in diameter. 

February 8. Liebsfadia similis: 2 cysticercoids, cysts 0.14x0.13 mm, with cer- 
comeres 0.1 mm long and 0.015 mm wide at the base, fed to rabbit No. 5. 

Culture V, laboratory raised Scheloribates laevigatus exposed to eggs of C, cfenoides, 

November 23, 1938 

December 2. All mites dead, dissection of 2 yielded 8 larvae, all onchospheres. 

Culture VI, exposed Nov. 30, 1938 to eggs of C. ctenoides taken from the worm 
raised in experimentally infected rabbit, No. 1 

December 10. Scutovertex minutus: on(A\osp)ie:.rts, 

December 17. Liacarus coracinus: 3 larvae; largest spherical 0.06 mm, smallest 
0.04 mtn in diameter. 




Culture IX, exposed to eggs of C. denticulata, February 4, 1939 

12. Scut over tex minutiis: 2 larvae; a cysticercoid 0.2 mm iti diameter with 
a shriveled cercomere, fed to rabbit No. 9 ; also a pyriform larva, body 0.216 mm 
long and 0.086 mm wide with a cercomere 0.1 mm. long. 

Development of C. ctenoid es was observed in eleven species of- mites 
and cysticercoids were recovered from seven different species. About 
ten w'eeks are required for the larvae to reach the cystic stage in a mite. 
Since development appeared to be progressing normally in other mites 
which became infected but died, it is possible that these larvae might have 
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December 21. Scheloribates laevigatus (laboratory raised specimen) : 3 larvae: 
largest 0.036 x 0.034 mm. 

January 2. Cepheiis cepheiformis: 1 larva; spherical 0.11 mm in diameter. 

January 4. Cepheus cepheiformis: 6 larvae; largest spherical 0.095 mm wdth con- 
spicuous cavity, smallest 0.04 mm in diameter. 

January 9. Notaspis coleoptratus: 4 larvae; largest pyriform 0.237x0.1 mm, small- 
est 0.06 mm in diameter. 

January 10. Cepheus cepheiformis: 2 larvae; oval, same size, 0.18x0.12 mm. 

February 8. Liacarus coracinus: 1 cysticercoid 0.155 x 0.14 mm, with cercomere 
about as long as the diameter of the cyst, fed to rabbit No. 6. 

February 10. Xenillus tegeocrahus: 11 larvae; cysticercoids (Fig. 11) largest 
0.18x0.15, smallest 0.1 x 0.1 mm, all fed to rabbit No. 6. 

February 13. Xenillus tegeocranus: 9 cysticercoids, largest 0.18 mm, smallest 0.13 x 
0.12 mm, the specimens were dried and the cercomeres could not be measured. 
They were fed to rabbit No. 6. 


Culture VII, exposed to eggs of C. denticulata, November 10, 1938 

December 12. Xenillms tegeocranus: 1 larva; 0.034x0.03 mm. 

December 14. Scutovertex minufus: 4 larvae; spherical to oval, largest 0.12x0.11 
mm, smallest 0.06 mm in diameter. 

December 15. Cepheus cepheiformis: 6 larvae; largest vermiform 0.275 x 0.12 mm, 
1 spherical 0.135 mm with a large cavity, others smaller. 

December 17. Trichoribates incisellus: 2 larvae; 0.1x0.085, and 0.1 x 0.1 mm. 

December 19. Scutovertex minutus: 5 larvae; 2 were pyriform 0.18x0.082 with 
the beginning of cercomeres, 2 were oval 0.09 x 0.08 mm, the other was oval 
0.122x0.094 mm. 

December 28. Scheloribates laevigatus: 1' larva; spherical 0.1 mm, large cavity. 

January 2. Xenillus tegeocranus: 1 larva; an onchosphere. 

January 4. Scutovertex minutus: 1 larva; vermiform 0.2“0.275 xO.l mm. 

January 13. Scutovertex minutus: 2 larvae; 0.11x0.095, and 0.09x0.09. 

January 31. Scutovertex minutus: 2 larvae; a cysticercoid, cyst 0.19x0.18 mm, 
with cercomere 0.1 mm long, anterior end of larva everted in Ringer’s solution 
before it could be photographed, the other larva was vermiform 0.38 mm. long 
and 0.1 mm in greatest width. 

February 9. Scutovertex minutus: 2 cysticercoids; 0.15x0.13 mm. One is shown 
in Fig. 10. Both were fed to a young rabbit, No. 7. 


Culture VIII, exposed to eggs of C. denticulata, January 13, 1939 

January 14. Liacarus corachms: 6 pyriform apparatuses were found in the intes- 
tine of the mite; they contained onchospheres but no shells were found. 
February 8. Liacarus coracinus: 1 larva ; 0.075 x 0.07 mm, cells of two sizes, 6 
hooks present, larva disintegrated in a few minutes. 

February 10. Scutovertex minutus: 8 larvae; spherical 0.05 to 0.1 mm in diameter. 
February 17. Scutovertex minutus: 6 larvae; spherical 0.05 to 0.09 mm in diameter. 
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completed their development if their hosts had lived long enough. De- 
velopment of C, dentiadata occurred in six of the eleven species, although 
only Sciitovertex minuPiis lived long enough for cysticercoids to be pro- 
duced. It is noteworthy that infections were obtained only in oribatid 
mites. Present results indicate that these mites are the natural hosts of 
the anoplocephaline tapeworms, and that the host specificity is not at all 
rigid. 

None of the rabbits, fed cysticercoids from experimentally infected 
mites, passed cestode eggs in the feces and all were negative when sacri- 
ficed and examined later. It is probable that the larvae, when ingested, 
were not yet infective. A further possibility exists, viz., that the do- 
mestic rabbit is a less favorable host than the wild variety. This 
explanation is suggested by the fact that only one of five cysticercoids 
from naturally infected mites developed in domestic rabbits. The 
explanation is not supported, however, by certain other experiments. 
Kruli (1939a) fed five cysticercoids of Momeda expansa to a lamb which 
on post-mortem examination yielded only two worms. Shorb (1939) 
recovered only 52 worms from the feeding of 468 cysticercoids of M, 
expansa. Indeed, one of the lambs, which received 203 cysticercoids, 
apparently did not become infected. It is possible that, in the natural 
hosts, only a few of the ingested cysticercoids develop to sexual maturity. 
An observation of Krull (1939a) bears on the question of susceptibility 
of the domestic rabbit. He reported that three of five rabbits became 
infected with species of Citto taenia as a result of being kept on a plot near 
the shore of a pond where the mite G alumna emarginata was present ; 
each infected rabbit harbored two immature tapeworms. This report 
confirms that of Honess (1935) who infected the domestic rabbit by 
feeding grass from an area frequented by wild rabbits. 

DESCRIPTION OF STAGES IN DEVELOPMENT 

Specific descriptions of C, ctenoides, C. dentiadata and C, pectinata 
have been presented by Arnold (1938) and previous authors, so further 
details concerning the sexually mature worms are not essential in the 
present paper. 

The eggs of C. pectinata were described by Rees (1933a) and the 
eggs and onchospheres of other European species by Stunkard (1934) . 
In that report Stunkard noted that the eggs of C. pectinata^ C. denticulata 
and C. ctenoides vary in size and appearance, depending on their condi- 
tion at the time of examination, and that it had been impossible to find 
differential features which could be used to identify eggs in the absence 
of records. In the present study, eggs of only C. ctenoides dxiA C, dentic- 
ulata have been available. Although their size ranges overlap, eggs of 
C. denticulata average somewhat smaller than those of C, ctenoides; 
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furthermore as a rule, in fresh eggs of C. denticulata the horns of the 
pyriform apparatus are shorter, they taper more rapidly, and more fre- 
quently the tips are crossed. In both species, the appearance of the eggs 
changes markedly as the shell is formed and consolidated. These fea- 
tures are represented in Figs. 15 and 16. 

To secure cestode eggs for the experimental infection of mites, gravid 
proglottids were sometimes removed from entire worms, but often the 
terminal segments contained few or only immature eggs. Such eggs 
were usually irregular in shape and had either no shell or one that was 
soft and hyaline. Although they contained motile onchospheres, it is 
doubtful whether they were infective. To obtain more mature eggs, the* 
intestines of rabbits were examined throughout their length and often 
single or groups of detached proglottids were taken from the cecum and 
large intestine. These proglottids were sometimes full of shelled eggs 
and occasionally the eggs had been shed from them. Since mature speci- 
mens of more than one species of Cit to taenia were never encountered in 
the same intestine, there was no possibility for mistaken identity of de- 
tached proglottids. When gravid segments were pressed, the eggs 
poured out on both sides. They were embedded in the uterine secretion 
which adhered in whitish strings, vermiform in appearance, and as much 
as 5 mm in length. No preformed uterine pores, as described by Baylis 
(1934) for certain anoplocephaline species, have been observed in Citto- 
taenia; on the contrary, the lateral walls of the proglottids disintegrate 
and rupture as described by Stunkard (1940a) in Bertiella studeri. In 
water or after alternate drying and moistening, the eggs slowly separated 
and the shells became more compact. 

In their early stages, eggs of C. ctenoides have no shell ; they are 
bounded by a membrane, are spherical to oval with flattened areas where 
they have been compressed, and measure from 0.05 to 0.09 mm in diam- 
eter. There is an eccentric vesicle, 0.025 to 0.035 mm in diameter, 
attached to the external membrane and suspended in a fluid matrix. 
This matrix contains small granules or globules which manifest Brownian 
movement. The vesicle contains an onchosphere, the hooks of which 
may move slowly. This vesicle transforms into the cornuate pyriform 
apparatus, and a shell is deposited later on the external membrane. The 
shell is formed from the uterine secretion and at one stage appears thin 
and granular- At other times it consists of a series of transparent con- 
centric rings. Such an egg is shown in Fig. 15. Older eggs have firm, 
hard shells, as described by Stunkard (1934). Although there may be 
larger and smaller ones, most of the eggs fall in the size range 0.075 to 
0.085 mm in diameter. The pyriform apparatus is almost as long as 
the diameter of the egg, 0.021-0.025 mm wide at the base, with uniformly 
tapering horns. The onchospheres measure 0.019-0.021 mm in diameter 
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and their hooks are 0.010-0,011 mm long. Like those of C. ctenoides, 
3^oiing eggs of C. denticulata have no shell ; indeed, eggs removed from 
proglottids seldom have shells. The outer covering of the egg is mem- 
branous, and the eggs, enclosed in a jelly-like mass, are arranged in irreg- 
ular rows. The jelly mass is extruded with the eggs and later splits 
between them, contributing to the formation of the shell. Each egg is 
situated in a polyhedral mass which later shrinks and tends to become 
spherical. Usually the proglottids are shed before the eggs are shelled, 
but they are probably infective at this time. On November 10, 1938, a 
group of three proglottids was removed from the terminal part of the 
large intestine of a rabbit. The eggs pressed from them had only mem- 
branous coverings and were embedded in the jelly-like substance. These 
eggs were fed to mites in the experiment recorded earlier (Culture VII) 
and produced infections, although it is possible that they aged somewhat 
in the moist chambers before they were eaten. 

No constant differences were noted between the onchospheres of C. 
ctenoid es and C. denticulata. The experiments demonstrate that the 
larvae of both species may begin development in any one of a number of 
different oribatid mites and it is probable that development may be com- 
pleted in more than one species of intermediate host. Early develop- 
mental stages of the two species are indistinguishable, and so only one 
species is represented in the figures of Plate I. Development of Citto- 
taenia in the intermediate host is very similar to that of Moniesia as 
described by Stunkard ( 1939a) . 

The onchospheres are active in the body cavity of the mite for two or 
three weeks. At the time of infection each onchosphere contains ten to 
fourteen large, germinal cells. In the haemocoele of the mite, the ger- 
minal cells multiply and the larva increases in size. Meanwhile the 
organization of the onchosphere is lost, its muscles atrophy, the hooks 
lose their regular positions and become functionless, and most of the 
mesenchymal cells disintegrate. The larva loses its bilateral character 
and becomes spherical and immobile. It consists of a mass of cells with 
an irregularly-shaped cavity on the side which bears the hooks. Such 
spherical larvae (Figs. 2, 3, 18, 19) measure from 0.04 to 0.11 mm in 
diameter and about four weeks are required to reach the larger size. The 
spherical stage is followed by one in which the larva becomes elongate 
and oval or pyriform (Figs. 4, 5, 20). As development proceeds the 
larvae become more elongate and vermiform, calcareous bodies appear 
in the parenchyma, muscles differentiate in the body wall and faint unco- 
ordinated movements are discernible (Figs. 6, 21). The end opposite 
the hooks is much wider than the other and, with further development of 
the muscles, movements become more regular and contraction of the 
circular fibers may produce a segmented appearance. Such larvae may 
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extend to a length of 0.4 mm. Later a definite zone of contraction cuts 
off a cercomere portion from the body proper (Fig. 7). This process 
continues until a condition represented by Fig. 8 is reached. At this 
stage the rudiments of the suckers are present as lenticular, cellular ag- 
gregates (Figs. 8, 22) and the posterior end of the body contains a cavity 
or a mass of spongy, vesicular tissue. The anterior end of the larva, 
which contains the sucker rudiments, is then retracted and the sides close 
over it to form the wall of the cyst. At first the closure is incomplete and 
slight pressure on the cyst causes the contents to be everted (Fig. 9). 
When the cyst is formed, the cercomere is longer than the diameter of 
the cyst and some of the hooks of the onchosphere can usually be found 
at or near the posterior end of the cercomere. With further develop- 
ment, the scolex of the cestode is differentiated and the suckers acquire a 
cup-shaped form. The cercomere shrivels, and in the cysticercoids re- 
moved from naturally infected mites, it w^as merely a fibrous appendage 
to the cyst. There is much evidence to show that the rate of develop- 
ment in the intermediate host is highly variable. Many factors probably 
contribute to this result; the species of mite, number of larvae present in 
the haemocoele, relative age and degree of development of particular 
larvae, etc. This subject w’as discussed in the paper on the development 
of Moniesia in the intermediate host (Stunkard, 1939a), and the same 
factors probably operate in both Moniezia and Citto taenia. The time 
required for the cysticercoid to complete its development and become 
infective is unknown, but probably three or four months is the usual 
period. The rate is undoubtedly affected by temperature, and develop- 
ment is more rapid during the summer months. 

The taenioid cestodes have two larval stages in the life cycle, each 
infective for the appropriate consecutive host. The onchosphere com- 
pletes its development in the egg and when released this larva progresses 
wnth the hooks in advance. The vermiform larva, which is formed by 
multiplication of germinal cells present in the onchosphere and which 
develops into the cysticercoid, moves wdth the other end forward, i.e., 
the one opposite the larval hooks. There is, accordingly, a metamor- 
phosis between the two larval stages, a reorganization which involves 
replacement of the cellular elements, and a reversal of the anteroposterior 
axis of the larva. The vestiges of the onchosphere together with the 
hooks are cut off in the degenerating cercomere at the posterior end of 
the second larva. • The scolex, which develops from the anterior end of 
the second larva, remains the physiological anterior end of the definitive 
cestode. 


It is apparent that rabbits acquire the infection by accidentally eating 
mites which contain cysticercoids. About eleven weeks are required for 
the development of C. ctenoides in the final host, i.e., from the ingestion 
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of the cysticercoid until the appearance of eggs in the feces. Pertinent 
data concerning the similar period in the development of Andrya cunicuU 
were reported by Stunkard ( 1934) . A rabbit taken on April 24th, 1932, 
and brought to the animal house on April 28th was dissected on May 
18th and contained a small, sexually immature specimen which bore the 
terminal proglottid. Another rabbit caught at the same time began to 
pass eggs of A. cuniculi on July 1st, 67 days after it was captured. Since 
there was no opportunity for infection in the animal house, the animal 
must have ingested the parasite at least ten weeks before eggs were 
passed in the feces. 

The development of C. ctenoides, C. denticulata and C. pectinata in 
their final hosts has been traced by the removal of young worms from 
the intestines of naturally infected rabbits and hares. A selected series, 
illustrating the growth of each species is presented in Plates IV and V. 
The identification of the worms was made by tracing back successively 
younger stages from ones which were readily identifiable. Differences 
in size of scolices and suckers, together with relative development of 
proglottids and reproductive organs, were used for specific determina- 
tion. The photographs were made from fixed and stained specimens 
and the size of each is given in the explanation of the figure. 

Evans ( 1940) referred to reports by various authors who found 
specimens of Cittotaenia in the body cavity of rabbits. He stated, 'These 
continued records of species of Cittotaenia being found in the body cavity 
are interesting, since they support the contention of Stoll (1937) that 
MonieAa expansa migrates in the body of the sheep during the earliest 
part of its life in the host.’^ In commenting on the suggestion of Stoll, 
Stunkard (1939a) pointed out that it is doubtful to what extent his data 
support the hypothesis of a preliminary tissue invasive stage of ikf. 
expansa in sheep. 

Like Evans and others, I have often found specimens of Cittotaenia 
in the body cavity of rabbits and hares that had been shot in the field and 
examined some time later. An observation by Riehm (1881) has a 
significant bearing on this subject. Referring to C. pectinata he stated, 
'‘Sie bewohnen meist den vorderen Abschnitt des Dunndarmes, nahe am 
Magen, doch darf man es auch nicht unterlassen, in der Leibeshohle, 
namentlich zwischen den Lappen der Leber nach ihnen zu suchen, well 
sie haufig genug durch die mdrderische Schrotkugel aus ihrem eigent- 
lichen Wohnsitze herausgerissen werden oder auch durch eine auf diesem 
Wege entstandene Offnung in der Darmwandung nach deni Erkalten 
ihres Wirtes herauskriechen.'* My experience agrees with that of Riehm ; 

I have never found a cestode in the body cavity of a rabbit that had not 
been shot and know of no record of such an occurrence. Observation of 
abnormal and post-mortem conditions may easily lead to unwarranted 
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conclusions. After the host has been dead for several hours and degen- 
erative changes have begun in the intestine, the worms migrate through 
any available opening but, so far as I am aware, specimens of Cittotaenia 
do not pass through the intestinal wall of live and healthy rabbits. 

Even if older cestodes normally leave the intestine, which is very 
I unlikely, it does not follow that the very young worms do so. The idea 

j th3.t specimens of Cittotaenia undergo an early developmental phase in 

! the tissue or in the body cavity of the rabbit finds no support from the 

I present investigation. The cysticercoid of C. ctenoides (Fig. 25) which 

developed in a domestic rabbit, contained a scolex 0.13 mm in width with 
i suckers 0.06-0.07 mm in diameter. In a young worm of the same species, 

which when permanently mounted measured 1.1 mm in length (Fig. 
34), the scolex was 0.165 mm in width and the suckers 0.069 mm in 
diameter. Some shrinkage undoubtedly resulted from the fixation and 
mounting of the young worm, but the small difference in size of scolex 
and suckers indicates that the specimen had not passed through a devel- 
I opmental stage in the tissue or body cavity of the rabbit. Furthermore, 

I the smallest specimen of C. denticulata removed from the intestine (Fig. 

I 26) is only 0.3 mm in length and 0.16 mm in width. It is only slightly 

I larger than the scolex of the cysticercoid. There appears little possi- 

I bility that it had developed in some extra-intestinal location. Indeed, the 

j finding in the intestines of rabbits, of more than 200 specimens of Citto- 

^ taenia which were less than 10 mm in length, negates the hypothesis that 

the young worms have a developmental stage during which they leave 
the intestine. It is probable that the scolices, after liberation from the 
I cysts, attach firmly to the intestinal wall and between the villi, but no 

I critical evidence has so far been submitted to demonstrate a tissue 

j invasive or peritoneal stage in their development. 

t. ' ■ ■ ' ... ' , 

I ABSTRACT SUMMARY 

i Thousands of free-living mites were collected near Hamburg from 

j areas where wild rabbits were numerous and heavily infected with ano- 

j plocephaiine cestodes. The mites were dissected and cysticercoids were 

I removed from Scutovertex minutns, Scheloribates laevigatus and Pelops 

tardus. The larvae were fed to young, domestic rabbits and a cysticer- 
I coid from S. minutus developed into a sexually mature specimen of 

I Cittotaenia ctenoides. Other mites, collected from areas where they 

would not be exposed to eggs of anoplocephaline cestodes, were fed eggs 
of Cittotaenia ctenoides s.nd C. denticidata. Developmental stages of 
C. ctenoides were recovered from the body cavities of Scutovertex 
minutus, Galumna obvious, Pelops acromius, Liacarus cor acinus, No f asp is 
coleoptratus, Liebsfadia siniilis, Xenillus tegeocranus, Scheloribates lae- 
! vigatus, Cepheus cepheiformis, Trichorihates inciselkis, Gahmina 
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nervosiis. The larvae attained the cysticercoid stage in the first seven of 
the species listed and, since development appeared normal in the other 
mites, it is possible that they might have completed their development if 
the hosts had lived long enough. Development of C. dcnticulata was 
observed in S. minuUis, X. tegeocranus, C. cepheiformis, T. inciscllus, S, 
laevigatus, and L. coracinus^ although only S, niinutus lived long enough 
in the cultures for cysticercoids to be produced. Infections were obtained 
only in oribatid mites. None of the rabbits fed cysticercoids from experi- 
mentally infected mites gave evidence of infection and it is probable that 
these larvae were not entirely mature. The developmental stages of C. 
ct oroides and C. dentictdata in the intermediate hosts are described from 
experimental infections. The development of C. ctenoides, C. denticiilata 
and C. pectinata in the final hosts is described from natural infections. 
No evidence was found to support the idea that these tapeworms migrate 
from the intestine to the body cavity of normal, live, rabbits. 
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Explanation of Plates 
Plate I 

Unretouched photographs of living precystic stages in the development of C. 
ctenoides. All specimens Avere removed from experimentally infected mites. Details 
concerning dates of exposure and dissection are presented in the text. 

Fig. 1. Onchosphere, 0.025 X 0.028 mm, from Sciitovertex minutus. 

Fig. 2. Spherical larva, 0.095 mm in diameter, from .S', minutus. 

Fig. 3. Spherical larva, 0.11x0.1 mm, from Trichoribates incisellus; note the 
cavity and blistered surface. 

Fig. 4. Oval larva, 0.2x0.16 mm, from Galumna obvious; note the large cavity. 

Fig. 5. Pyriform larva, 0.36 x 0.26 mm, from Liacarus coracinus; note the large 
germinal cells. 

Fig. 6. Vermiform larva, 0.413x0.18 mm, from (7. obvious. 

Fig. 7. Larva with beginning of cercomere formation, body 0.3 mm long, from 
G. obvious. 

Fig. 8. Pyriform larva with completely formed cercomere, body 0.31 mm long, 
from G. obvious, note the rudimentary sucker pads near the anterior and the loose 
tissue near the posterior end of the body. 
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■ ' Plate II ' ■ ■ 

Unretouched photographs of living postcystic stages in the development of C. 
ctenoides ani C. denticulata. AW specimens were removed from experimentally 
infected mites. Details concerning dates of exposure and dissection are presented 

in the text. ' „ ^ . x ao^-aiq 

Fig. 9. C, ctenoides, young cysticercoid from Pelops acromius, cyst U.zxu.i5 

mm; contents of cyst extruded on the application of a coverglass. n i e a I'S 

Fig. 10. C. denticulata, cysticercoid from Scutoverfex minuftis, cyst 0.15 x U.lo 
mm ; note the coiled cercomere. ; . 

Fig. 11. C. ctenoides, eleven cysticercoids, all from a single specimen oi Awii- 
largest cyst 0.18x0.15 mm. j- 7 

Fig. 12. C. ctenoides, two cysticercoids and one vermiform larva from Gahmtna 
obvious. The vermiform larva is shown more highly magnified in Fig. 6. The 
cysticercoid adjacent to the vermiform larva is shown in Fig. 13, the other in Fig, 14. 

Fig. 13. C. cysticercoid, 0.17x0.17 mm; evaporation of water and 

pressure of the coverglass has caused the emergence of a little material at the apex 
of the cyst. 

Fig. 14. C. ctenoides, cysticercoid, 0.2 x 0.19 mm. 
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Plate III 

Free-hand drawings of eggs and larvae of C. cfenoides and C. denficulafa. The 
rate of development's variable and the ages given are estimated. 

Fig. 15. C. ctenoides, egg with hyaline shell, from an attached proglottid. 

Fig. 16. C. dcnticidata, egg from a moist chamber, several days after removal 
from a detached proglottid. 

Fig. 17. C. ctenoides, onchosphere from body cavity of a mite, 1-2 weeks 
development. 

Fig. 18. C. cfenoides, sphtric^l larva, 2-3 weeks development. 

Fig. 19. C. ctenoides, spherical larva, 4—5 weeks development. 

Fig. 20. (7. ctenoides, pyriform larva, 6-8 weeks development. 

Fig. 21. C. ctenoides, vermiform larva, 8-10 weeks development. 

Fig. 22. C. ctenoides, pyriform larva with cercomere, 10-12 weeks develop- 
ment; drawing based on specimen shown in Fig. 8. 

Fig. 23. C. ctenoides, young cysticercoid with long cercomere, 10-12 weeks 
development. 

Fig. 24. C. dcnticidata, cysticercoid with cercomere ; drawing based on sketches 
and photograph of specimen shown in Fig. 10. 

Fig. 25. C. ctenoides, cysticercoid, drawn from pencil sketches of specimen, 
removed from a naturally infected Scutovertex mimifiis, which developed into a 
sexually mature cestode in the intestine of a domestic rabbit. 
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Plate IV 

Unretouched photographs of young stages of C. denticulata, made from fixed 
and stained preparations. Actual size of the specimens is given, in millimeters. 



Length of specimen 

Diameter of scolex 

Size of suckers 

Fig. 26. 

0.3 

0.16 

0.07 X 0.055 

Fig. 27. 

0.414 

0.21 

0.108x0.08 

Fig. 28. 

0;885 

0.26 

0.13 xO.l 

Fig. 29. 

1.46 

0.288 ■ 

0.14 xO.ll 

Fig. 30. 

3.2 

0.38 

0.18 xO.16 

Fig. 31. 

5.5 

0.46 

0.216x0.18 

Fig. 32. 

8.3 

• 0.5 

0.24 xO.2 

Fig. 33. 

12. 

0.54 

0.25 xO.24 


Under size of suckers, the larger measurement is the diameter and the smaller 
one is the depth of the sucker. In mature specimens the scolex measures 0.5 to 0.9 
mm and the suckers 0.2 to 0.3 mm. The scolex, therefore, attains its growth early. 
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Plate V 


Unretouched photographs of young stages of C. ctenoides and C. pectinata, 
made from fixed and stained preparations. Actual size of the specimens is given, 
in millimeters. 


Length of specimen 

Diameter of scolex 

Size of suckers 

Fig. 34. C. ctenoides 

1.1 

0.165 

0.069x0.055 

Fig. 35. C. ctenoides 

1.9 

0.2 

0.09 X 0.072 

Fig. 36. C. ctenoides 

4.6 

0.28 

0.144x0.12 

Fig. 37. C. ctenoides 

8.2 

0.316 

0.158x0.14 

Fig. 38. C. ctenoides 

13.2 

0.36 

0.16 xO.16 

Fig. 39. C. ctenoides 

15. 

0.38 

0.166x0.16 


In mature specimens the scolex measures 0.35 to 0.5 mm in diameter and the 
suckers 0.15 to 0.24 mm. 


Fig. 40. 

C. pectimta 

0.97 

0.2 (flattened) 

0.075x0.055 

Fig. 41. 

C. pectinata 

9.5 

0.25 

0.128x0.11 

Fig. 42. 

C. pectinata 

11.8 

0.28 

0.14 x O.14 

Fig. 43. 

C. pectinata 

17. 

0.28 

0.14 XO.14 


The scolex in Fig. 42 has reached the normal size and little if any growth is 
made later. 
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STUDIES ON THE MORPHOLOGY OF THE E. HISTO- 
LYTICA-U.KE AMOEBAE FOUND IN MONKEYS 

Herbert Salis* 

Department of Zoology^ University of Pennsylvania 

^ With ^ the advent of the present century, protozoologists began to 
evidence interest in the protozoa to be found in primates other than man. 
In the steady accumulation of literature, the amoebic organisms found 
in monkeys have received much attention, mainly because of their appar- 
ently close relationship to the endamoebae in human hosts. Much has 
already been published in attempts to demonstrate the similarity or dis- 
similarity between the intestinal endamoebae in man and those in mon- 
keys, which two hosts are, in themselves, of close evolutionary rela- 
tionship. 

Investigators who first encountered amoebae in monkeys often 
erected new species names without adequate distinction from those 
already known in man. Since then, however, there has evolved the in- 
creasingly accepted belief that the endamoebae of man and monkey are 
identical, and recent literature divides the endamoebae of monkeys into 
those similar, or identical, to Endamoeba coli in man, and those similar, 
or identical, to Endamoeba histolytica in man. 

This paper will attempt to establish that the amoebae of monkeys, 
with specific reference to the E. histolytica-Vikt type, are not all identical 
with those in man. The writer has employed both qualitative and quan- 
titative tests of more precise nature than heretofore employed, which, it 
is believed, will reveal more clearly the morphological differences among 
the E. histolyticaAikt amoebae parasitic in monkeys. 

MATERIALS AND METHODS 

Prepared slides containing Endamoeba histolytica from six human 
hosts, as well as the slides from the monkeys, were furnished by Dn 
Wenrich. E. hist oly tic aAikt amoebae were studied from fecal smears 
of twelve different kinds of monkeys, involving seventeen individual 
hosts, whose names and sources are given in Table 3. Since the nomen- 
clature of apes and monkeys is still in a highly confused state, the system 
adopted by Stiles and Nolan (1929) has been employed. 

Slides fixed in Schaudinn's fluid, including five per cent of acetic 
acid, and stained with Heidenhain's haemotoxylin, with iron alum dif- 

Received for publication, September 19, 1940. 

* The author gratefully thanks Dr. D. H. Wenrich, under whose guidance this 
work has been done, botli for the excellently prepared material provided by him, 
and for the instructive advice and suggestions received from him. Thanks are due 
also to Mr, Joseph Bender for his care in preparing the graphs. 
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fereiitiation, have been mainly used A few slides from the monkeys had 
been prepared by other methods. 

The mensurative procedures are similar to those used by Dobell and 
Jepps (1918) in their study upon size races of Endamoeba histolytica 
cysts from man. As these investigators found, few of the many cysts 
measured were perfectly circular in profile. Therefore, most of the re- 
corded dimensions of cysts were the mean of the shorter and longer 
diameters of subcircular organisms. Cysts markedly deformed in shape, 
infrequently seen, have not been included. In reality, cyst measure- 
ments were of the stained cytoplasmic contents within the cyst wall. As 
Dobell and Jepps have pointed out, the balsam mounting renders the 
cyst wall too indistinct for inclusion in the measurement of the cyst. 
Therefore, measurements do not include the cyst wall which is approxi- 
mately half a micron thick, as noted by the above authors. 

Although the physical handicaps in measurements have been con- 
siderable, all dimensions of nuclei have been ascertained with the greatest 
possible care in each case. The mean diameter of nuclei in material 
fixed by Yocum's picromercuric was found to be slightly greater than 
in material fixed with Schaudinn’s fluid, but these dimensions were not 
used. Degenerate and obviously hypertrophied nuclei have not been 
measured, but these were very infrequent among the many observed. 

Observations were made with a lOx ocular and a 2 mm, 1.30 N A 
oil immersion objective. For measurements a calibrated ocular microm- 
eter, with a value of 0.94 p for each subdivision, was utilized. 

Through a conversion table, measurements were converted directly 
into micron values. Where the diameter of the cyst or nucleus did not 
lend itself to definitive measurement, the measurement was made to the 
nearest micrometer unit. By this method, the maximum personal ob- 
servational error was kept as close as possible to plus or minus half a 
micron, a spread of one micron or one micrometer division. This agrees 
wdth the findings of Dobell and Jepps, wdiich demonstrated that, with 
very careful measurement, ''the individual error w^ould not be greater 
than one unit of the scale employed." 
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The Ghroiiiatoids in the cysts were very much like those in cysts of 
£. histolytica from man. Although variations occurred, they character- 
istically were large, usually regular in outline, bar-like or fusiform in 
shape, and few in number. The glycogen vacuole, although infrequent, 
was clear and usually large. 

Table I shows that the percentages in regard to nuclear number of 
E, histolytica cysts from monkey material compare well with those of 

Table 1.— Nuclear number in cysts of E. histolytica from monkey and man 


No. of nuclei 


100 cysts from 


1- nucleate 

2- nucleate 

3- nucleate 

4- nucleate 

5- nucleate 


Monkey 

Hom o No. 1 

Homo No, 2 

Homo No. 3 

15 

19 

7 

44 

25 

24 

20 

12 

4: 

o 

4 

3 

56 

55 

06 

41 


cysts of the species from human hosts. Even with a large number of 
trophozoites present, thus reducing the possibility of mature cysts, the 
number of quadrinucleate cysts from human host No. 3 is still close to 
half the sum of tabulated cysts. 

A study was made of the size relationship between the uninucleate 
cyst and its nucleus, expressed as the ratio of the mean diameter of the 
cyst to the mean diameter of the contained nucleus. Cysts possessing 
nuclei in mitotic stages were excluded because of their disturbing effect 
upon the general cyst-nucleus ratio. The results of this mensurative 
analysis, and their comparison with those obtained, in the same w^ay, 
from uninucleate cysts of E. histolytica from man are shown in Table 
2 and Graph 1. 

If the value of t is less than 2, then the difference between the means 
of different samples is not likely to be significant. Likewise, if the value 
of t exceeds 2, the difference is probably significant. Davenport and 
Ekas (1936) state that, ''Of course, the more the difference between 
means exceeds the limit of 2 x the standard error of the means, the more 
certainly significant the difference becomes.” Since t in Table 2 is less 
than 1, the difference in the means of the samples from man and from 
monkey is certainly not significant. 

Two size races of the E. histolytica organisms in the monkey have 
been determined. In the measurements, only uninucleate cysts were 
involved. From one host, a race with a mean of 7.9 p was discerned 
with the following range : 


Diam. in ji . 
No. of cysts 


10.0 

1=35 


This size race is comparable in size and appearance to the small race of 
E, histolytica in man, commonlv called £, hartmanni. 
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1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 46 4.8 5.0 
Ratio Class 

Graph I. Cyst-nucleus ratios : A — E. histolytica (man) ; B — E. histolytica 
(man and monkey) ; C — E. histolytica (monkey) ; D — E. chattoni. 


The other size race possessed a mean of 11.28 jj and the following 
range : 

Diam. in ^ 8.0 9.0 10.0 11.0 12.0 13.0 14.0 

No. of cysts ..... 1 12 25 68 54 17 1 = 178 

The cytoplasmic parasite, Sphaerita sp., has been observed in one 
cyst (Fig. 10). 

This species was of small numbers in the material from the monkey. 
Since the number of hosts and the amount of material have been quite 
extensive, this condition suggests that this species of Endamoeba is not 
of extensive occurrence in the natural state of monkeys in general. 

Table 2. — Cyst-niiclcus ratios of E. histolytica in man and monkey 
No. of cysts in class 

„ 7 Man Monkcv Combined 

Ratio class xuonKey series 


“'‘Mean = 2.57 2.59 2.58 

V- 0.198 0.215 0.210 

S. E. = ±0.012 +0.015 ±0.010 

t _ Q difference between means Meann -- MeaiiA 

standard error of difference between means “ VS. E.=^b + S. E.-a 

The method used in calplating the mean and its standard deviation was the “short- 
cut procedure explained in Hegner and Andrews (1927). 



Endamoeba chattoni Swellengrebel 

This uninucleate species is much more characteristic of the monkey 
than is Endamoeba histolytica. E. chattoni not only was found in more 
hosts (Table 3), but was also far more numerous wherever it was dis- 
closed. If the material utilized here is representative of monkeys in 
general, then these uninucleate cysts are to be considered as typical of 
monkeys in general. 

Representative trophozoites (Fig. II), of the few encountered, dis- 
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pla}' eel a somewhat vacuolated endoplasm containing food bodies, appar- 
ently bacteria. Where ectoplasm was to be distinguished, the pseudo- 
podia were broad, and only slightly extended. The nucleus was of the 
E. histolytica type, and presented a regular round or oval shape. 

The uninucleate nature of Endamoeba chattoni was reaffirmed. No 
cysts above a binucleate stage were observed. Of 850 cysts examined in 
a study, only 8 binucleate cysts were seen. Thus, the uninucleate cysts 
definitely constitute the mature stage of development, and the binucleate 
cysts compose a supernucleate stage of an average incidence of less than 
one per cent. The binucleate cysts are commonly larger than the uni- 
nucleate, just as supernucleate cysts are usually larger among other 
endamoebae. 

The size relationships between the cyst and the nucleus in the uni- 
nucleate cysts have been studied in the same way as those of E. histoly- 
tica. The data are presented in Table 4 and Graph 1. The mean of the 
cyst-nucleus ratios of the E. histolytica cysts from man, the mean of 
those of the same species in the monkey, and the mean of the combined 

Table 3, — Incidence of E. histolytica-Zi/?^ amoebae in monkeys studied 


Monkey host 


Anubis baboon (Papio anuhis) 

(relada baboon {Theropitheens gelada) 

Guinea baboon (young) (Papio papio) 

jMandrill (young) (P. sphinx) 

^Mandrill (P. sphinx) 

Dwarf monkey {Cercopitheeus talapoin) .... 

Green monkey (0. eallitrichus) ............ 

Japanese macaque (Silenus fiiscatus) ....... 

Kra monkey {S. irus) 

Kra monkey (S. irus) 

Mangaby monkey ((Jercoeehus sp.) 

White-crowned mangaby monkey (0. aethiops) 

Mona monkey {Cercopitheeus mona) 

Mona monkey {G. mona) 

Mona monkey {<7. mona) 

White-nosed monkey ((7. fantiensis) 

Rhesus monkey {Bilenus rhesus) 


ratios of these two groups is in each case of very great significance, 
since the values of t are far above 2. 

Although the nucleus is of the E. histolytica type, there is an appar- 
ent distinction in that the karyosome is smaller, the chromatin granules 
between the karyosome and the peripheral chromatic granules are finer, 
and the perikaryosomal ring of granules is less constricted about the 
karyosome. The peripheral chromatin also appears less dense. The 
nucleus is thus of more delicate nature, just as that of E. histolytica is 
more delicate than that of £. ro/f. The amount of chromatin, especially 
karyosomal, is, therefore, in direct proportion to the number of nuclear 
divisions to be undergone in the cyst. 


Species of 
En(lamoel)a 


his to- 
li/tica 

chattoni 

Souice of liost 


+ 

Pbila. ZooL Garden 


+ 

“ “ “ 
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•f 
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Table 4. — Cyst-nucleus ratios of E. chattoni 


Ratio 

class 

No. of 
cysts in 
class 

2.30--2.49 

3 

2.50-2.69 

8 

2.70-2.89 

43 

2.90-3.09 

107 

3.10-3.29 

138 

3.30-3.49 

123 

3.50-3.69 

72 

3.70-3.89 

41 

3.90-4.09 

16 

4.10-4.29 

3 . 

4.30-4.49 1 

1 

4.50-4.69 

1 

4.70-4.89 

1 

,N= i 

557 + 453 = 1010 = Total {E. chattoni + E. histolytica (man and monkey)) 


Mean - 3.29 
(X = 0.327 
S. E. = ± 0.014 

E. chattoni vs. E. histolytica (man), t - 38.7 
E. chatt07ii vs. E. histolytica (monkey), t = 33.4 
E. chattoni vs. E. histolytica (man and monkey), t = 41.8 


Large numbers, small size, and irregularity in shape characterize the 
chromatoids in the cysts. The usual chromatoids are small and rounded 
or irregularly angular (Fig. 15). At times, small granular chromatoids, 
as many as 250 in a single cyst, would obscure or hide the nucleus. To 
estimate the number in cysts containing masses of minute particles is 
almost impossible. The lower numerical limits are about 15-20 chro- 
matoids, and the average number may be set conservatively at 40-60 
chromatoids. The larger cysts do not appear to contain more chroma- 
toids despite a maintained smallness in chromatoid size (Fig. 13). 

A strain of E, chattoni, seen in three hosts, presented less numerous 
chromatoids, some of which were large in size and regular in shape. 
Most frequent were cysts containing 15-20 chromatoids of highly diver- 
sified shape and size, A series of chromatoidal conditions could be dis- 
tinguished in which the size decreased and the shape became more irreg- 
ular with increase in number. This began with a cyst containing two 
large and regular bar-shaped chromatoids (Fig. 17), and concluded with 
one having approximately sixty-two chromatoids of characteristic types 
(Fig. 18). Paired chromatoids of the more regularly contoured kind 
were frequent throughout the series. 

Commonly found within the cysts was a small, dense, homogeneously 
stained area, of a light greyish brown color. This round or oval area has 
been interpreted as a glycogen vacuole, possibly a remnant. It is small 
in comparison with that found in E. histolytica. 

Vacuoles of puzzling nature were found in a few cysts, usually occu- 
pying roughly half the cyst diameter. The vacuole, containing the 
nucleus, would be outlined generally by the small chromatoids lying 
around it, a characteristic of the glycogen vacuole in the binucleate cystic 
stages of Endamoeba coli. Fig, 14, however, shows chromatoids both 
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inside and outside the vacuole, whose boundary is clearly seen. The 
area within the vacuole was clearer than the circumjacent cytoplasm, 
suggesting a former glycogen content later dissolved out. But, despite 
the similarity to the binucleate stage in E. coli, the location of the nucleus 
and even chromatoids within the vacuole renders this consideration 
improbable. 


Size of Cyst (in micro) 

Graph HI. Size races of E. chattoni 

Size races were not easily established, but two races were measured, 
The smaller race was obtained from four hosts and furnished the fol- 
lowing data: 

Diam. in jii 8.0 9.0 10.0 11.0 12.0 13.0 14.0 

No. of cysts 3 38 104 127 83 29 2 = 386 

Mean = 10.93 p. 

0= 1.051 
S. E. = ± 0.053 

The larger race, from three hosts, was recognized by the following 
measurements and data: 

Diam. in \x 10.0 11,0 12.6 13.0 14.0 15.0 16.0 17.0 

No. of cysts .... 8 28 95 127 90 38 13 1=400 

Mean= 13.06 m' 
a= 1.178 
S. E. = ± 0.059 

The means of these two size races are of a definitely significant dif- 
ference, since in their comparison the value of t is 26.7, far above 2. 
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DISCUSSION 

Observation of stained preparations of the so-called E. histolytica- 
like amoebae in monkeys has established by the comparison in the cysts 
of chromatoids, glycogen areas, nuclear number in developmental stages, 
cyst-nucleus size relationship, and nuclear structures, that there can be 
differentiated two species of amoebae. This is also somewhat corrobo- 
rated by the restricted study of the trophozoite stages. 

Since the more recent literature largely expresses the opinion that 
the £. hist oly tic aAYkt amoebae in monkeys are very similar to, if not 
identical with Endamoeba histolytica in man, an important result of the 
studies reported in this paper is the definite identification of E, chattoni. 

Chatton (1912) was observing cysts of £. chattoni among his “troph- 
ozoites’" of '‘Loschia sp."" from Macacus sinicus. Not only are there no 
polynucleates, but the measurement of the cysts, and nuclei in his five 
drawn uninucleate “trophozoites” disclosed a mean ratio of 3.3 and a 
range of 3.1 to 3.6 

Swellengrebel (1914) observed in Macacus rhesus the organisms 
described by Chatton, and believed them to be a new species. Entamoeba 
chattoni. Aside from a few binucleate cysts, no polynucleate cysts were 
found. He described the trophozoites as alveolar, mostly free of inclu- 
sions, and with very little ectoplasm. Of five drawm uninucleate cysts, 
the mean cyst-nucleus ratio was found to be 3.2, with a range of 2.9 to 

3.6. 

Behrend (1914), aside from his seeming confusion of E, histolytica- 
and £, coZf-like cysts, appears to have seen both E. histolytica and E, 
chattoni in material from Macacus rhesus. The former species is indi- 
cated by the description of quadrinucleate cysts, often with single large 
chromatoids. But uninucleate cysts with paired thin chromatoids, and 
the rarity of polynucleate cysts indicate the probable presence of E. 
chattoni cysts. 

In this period, Castellani (1908) had erected the first new species, 
Entamoeba nuttali based upon trophozoites of vague morphology from 
Macacus pileatus, and Mathis (1913) had proposed the new species, 
Lbschia duboscqi, apparently for organisms of Endamoeba histolytica 
from Macacus rhesus and M. tchliensis. 

Bach (1923) and Mello (1928) studied similar trophozoites and 
cysts from Macacus rhesus. Bach presents five drawings of uninucleate 
cysts whose cyst and nucleus measurements furnished a mean ratio of 

2.6, with a range of 2.4 to 2.9. Since groups of ten cysts were found 
sufficient to approximate the mean ratio, there is no doubt that Bach was 
considering cysts of E. histolytica. There remains the possibility of his 
ignoring E. chattoni, since he mentions occasional cysts filled with 
“splintered and short rod-shaped chromotoids,” and discloses that most 
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of the cysts were uninucleate. In addition, most of the trophozoites 
possess small, bluntly lobular pseudopodia, and are IS-IS p in size. 
These resemble the one depicted in Fig. 11. Thus Bach probably con- 
fused the two species and drew cysts of only one. 

Hegner and Chu (1930) definitely were studying cysts of E. chattoni 
from wild monkeys, Macacus philippinensis. They refer to their neces- 
sity to rely on uninucleate cysts, which ^^contained many paired chro- 
matoidal bodies of various sizes.’’ No polynucleate cysts are mentioned, 
but a binucleate is drawn together wdth a uninucleate cyst, whose cyst- 
nucleus ratio is 3.32. The trophozoite shown is similar to the one (Fig. 
11) in this paper. From mean cyst and nucleus diameters of 100 cysts a 
cyst-nucleus ratio of 2.91 is found. What factors bring the ratio below 
3.3 cannot be gleaned from the report. 

On the other hand, amoebae maturing with quadrinucleate cysts and 
morphologically the same as E. histolytica from man have been found in 
Macacus rhesus and M. sinicus by Dobell and Laidlovr (1926) and 
Dobell and Bishop (1929), to which hosts Dobell (1928, 1931) also 
added M. nemestrinus ; in a chimpanzee by Hegner and Schumaker 
( 1928) ; and in M. inis, M. rhesus, M. sancfUjohannis, and M. lasiotis 
by Kessei ( 1928) . A more extensive study by Mackinnon and Dibb 
(1938) established as hosts of these amoebae ^'a Gorilla,' four Chimpan- 
zees, tw^o Gibbons (Hylobates lar and H. lar lenciscus), a Guinea Baboon 
(Papio papio), a White-crowmed Mangaby {Cercocebus aethiops), a 
Sooty Mangaby (C. juliginosus), a Mona Monkey (Cercopithecus 
mona), a Schmidts’ Monkey (C. ascanius schmidti) and a Patas Mon- 
key {Erythrocebiis pat as) A 

The organisms of F. chattoni encountered in the literature belong, 
apparently, almost entirely to the strain described in this paper as pro- 
ducing less numerous and more regularly shaped chromatoids. Draw- 
ings depict no more than 25 chromatoids, most of which are of regular 
shape. 

The definite establishment of the uninucleate species in the monkey 
adds another to the list of such species with Endamoeba nuclei. These 
species have been found in domestic cattle, the horse, the Chinese sheep, 
the goat, the gnu and in swine. 

A brief study of cysts of a species wdth uninucleate cysts, believed to 
be Endamoeba bovis, in cattle has been made by the author from slides 
furnished by Dr. Wenrich. Measurement of cyst and nuclear diameters 
in 20 cysts provided a ratio of 3.22. Chromatoids were typically few in 
number, but wrere irregular in shape and of varying sizes. The glycogen 
vacuoles were clear. The fundamental cyst-nucleus ratio and the irregu- 
larity of the chromatoids definitely link this species to that in the monkey. 
A like similarity of the other species remains to be investigated. 
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The reports of amoebic dysentery in monkeys naturally raises the 
question as to which species is the causative agent. From the descrip- 
tions, amoebae of the Endamoeba histolytica type were responsible. This 
would be analogous to the situation in man, where E. histolytica is con- 
sidered a primary factor, if not the causative agent, in amoebic dysen- 
tery. In addition, the low incidence of this disease in the monkey, coupled 
with the heavy amoebic infections found among these animals, may be 
explained in terms of the scarceness of E. histolytica in relation to E, 
chattoni in these hosts. By analogy with the other uninucleate species 
mentioned, which do not appear to be detrimental to their various hosts, 
it may be expected that the non-pathogenicity of E, chattoni will be 
confirmed. 

Research has already been carried out upon the pathogenic role of 
Endamoeba histolytica in the monkey. Among others, Kessel (1928) 
and Dobell (1931) have performed transfers of amoebae of this type 
from monkeys to kittens, in which amoebic dysentery has been produced 
by the organisms. The clinical and pathological evidence from both 
monkeys and kittens also supports the identity of these amoebae with 
E. histolytica in man. Because of this, the effects of chemical treatment 
on the pathogenic organism in the monkey have been investigated. 
Emetine, as in man, has been found to be effective by Dobell and Bishop 
(1929), who state, “it is suggested that macaques can therefore be util- 
ized ... in place of men in future chemotherapeutic experiments di- 
rected towards the discovery of remedies for human amoebic dysentery.’’ 
Such experiments, however, must be performed only on monkeys para- 
sitized by E, histolytica. The confusion of E. chattoni with the dysen- 
teiy amoeba, as ma}^ have occurred in the past, would render invalid the 
results of such experimentation. 


SUMMARY 

1. The morphology of the E. hist oly tic aAikt amoebae in monkeys 
has been studied in prepared material from twelve different species of 
monkeys, including seventeen individual hosts. 

2. By the use of several differential methods, both Endamoeba his- 
tolytica eiud Endamoeba chattoni hB,ve hten idQxitifiQd. 

3. The cysts oi E. histolytica present a cyst-nucleus diameter ratio 
of 2.6, and two size races with means of 7.9 p and 11.3 p were recog- 
nized. The organisms are identical with those of E. histolytica in man. 

A. E. chaitoni Swellengrebel is validated. It is uninucleate, with a 
binucleate super nuclear stage of less than one per cent incidence, has a 
cyst-nucleus diameter ratio of 3.3, and includes at least twu size races 
with means of approximately 10.9 p and 13.1 p. Two strains are dis- 
cernible tlirough their characteristic chromatoids. 
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5. These uninucleate organisms are believed to be related closely to 
uninucleate species of similar nature that have been recognized- in other 
animals. . 

6. Available evidence indicates that E, chattoni is noii-pathogenic in 
the monkey. 
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Explanation of Plates 
Plate I ' 

All figures are of organisms fixed with Schaudinn’s fluid, containing 5% of 
glacial acetic acid, and stained by the iron-haeniotoxylin method. Figs. 2, 3, 4 are 
from the same host, and likewise for Figs. 6, 7, 9, 10. Dimensions are expressed 
in mean diameters. Magnification 2800 x. 

Endamoeha histolytica 
(in monkey) 

Fig. 1. Precystic form of smaller race in a young guinea baboon (Papio 
papio). Size 7.05 p.. 

Fig. 2. Average-sized uninucleate cyst of smaller race in a mona, monkey 
(Cercopitheciis mona). Size 8.0 fx* Nuclear size 3.3 jx. Cyst-nucleus ratio 2.42. 

Fig. 3. Binucleate cyst of smaller race in a mona monkey. Remains of a 
large chromatoid. Size 8.5 |x. 

Fig. 4. Quadrinucleate cyst of smaller race in a mona monkey. Size 8.0 p. 

Fig. 5. Elongate trophozoite in a white-crowned mangaby monkey (Cerco- 
cebtis aethiops). Size 23.S 11.3 ii. 

Fig. 6. Average-sized uninucleate cyst of larger race in a mona monkey. Size 
10.85 }x. Nuclear size 4.25 fi. Cyst-nucleus ratio 2.55. 

Fig. 7. Binucleate cyst of larger race in a mona monkey. Size 12.2 u. 

Fig, 8. Trinucleate cyst of larger race in a gelada baboon (Theropithecus 
gelada). Size 10.35 p. 

Fig. 9. Quadrinucleate cyst of larger race in a mona monkey. Size 12.2 p. 

Fig. 10. Uninucleate cyst of larger race in a mona monkey. Parasitized by 
Sphacrita sp. Size 12.2 p. Nuclear size 5.65 jx. Cyst-nucleus ratio 2.16. 

Plate II 

All figures are of organisms prepared as in Plate L Figs. 13, 15 are from the 
same host, likewise for Figs. 22, 16, and also for Figs. 17, 18, 19. Dimensions are 
expressed in mean diameters. Magnification 2800 x. 

Endamoeba chattoni 

Fig. 11. Trophozoite stage in a mangaby moidkey {Cere ocehiis sp.). Size 

16 ill. 

Fig. 12. Average-sized uninucleate cyst of smaller race in an anubis baboon 
(Papio anubis). Small glycogen vacuole remnant. Size 11.3 p-. Nuclear size 
3.8 jx- Cyst-nucleus ratio 2.97. 

Fig. 13. Average-sized uninucleate cyst of larger race in a kra monkey 
(Silemis irtis). Size 13.2 ji. Nuclear size 3.8 |x. Cyst-nucleus ratio 3.47. 

Fig. 14. Uninucleate cyst of larger race in a kra monkey. Large vacuole with 
definite boundary, containing nucleus and some chromatoids. Size 14.6 {x. Nuclear 
size 4.25 p. Cyst-nucleus ratio 3.43. 

Fig, 15, Uninucleate cyst of smaller race in a mona monkey (Cercopithecus 
7 nona). Large number of small chromatoids. Size 12,2 p. Nuclear size 3.8 p. 
Cyst-nucleus ratio 3.2L 

Fig. 16. Binucleate stage in an anubis baboon. Size 16.45 p. 

FiGvS. 17-19 represent the strain with fewer, more regular chromatoids. 

Fig. 17. Uninucleate cyst in a gelada baboon (Theropithecus gelada). Two 
massive and regular chromatoids, and remnant of glycogen vacuole. Size 12.2 p. 
Nuclear size 3.8 p. Cyst-nucleus ratio 3.21. 

Fig. 18. Uninucleate cyst in a gelada baboon. Many varying chromatoids. 
Size 12.7 p. Nuclear size 3.8 p. Cyst-nucleus ratio 3.37. 

Fig. 19. Binucleate cyst in a gelada baboon. Chromatoids of more typical 
number and appearance. Size 16.9 p. 
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CERCARIA DOUGLASI CORT, 1917 AND ITS RELATION 
TO THE CERCARIA OF COTYLURUS 
FLABELLIFORMIS (FAUST, 1917)^ 


Louis Olivier and W. W. Cort 


Cercaria douglasi was described briefly by Cort (1917) from a species 
of Physa from the Douglas Lake Region, Michigan. Later Cort and 
Brooks (1928) identified as this species cercariae from Lymnaea stagnalis 
appressa Say, L. stagnalis permnpla Walker, Stagnicola emarginata angu- 
lata (Sowerby), Siud Physa parkeri Currier. Their description, how- 
ever, was from the cercariae that emerged from three specimens of the 
varieties of L. stagnalis. 

Subsequent investigations have revealed that cercariae in the Douglas 
Lake Region, previously identified as C. dotiglasi, actually represent two 
distinct but closely related species. One of these, which is found only 
in members of the Physidae, we identify as C. douglasi Cort, 1917 ; the 
other, which develops only in members of the Lymnaeidae, was mis- 
takenly identified by Cort and Brooks as C. dotiglasi. This second species 
has been shown by van Haitsma (1930) to be the cercaria of Cotylurus 
flahellijormis (Faust, 1917). 

Since Cort’s -original description of C. douglasi very brief and w^as 
made from cercariae obtained by autopsy from a single snail, a redescrip- 
tion of this species is presented. Also, C. douglasi is compared with the 
cercaria of C. flabelliformis with which it has been confused. 

redescription 
Cercaria douglasi Cort, 1917 
(Figs. 1-5) 

Specific diagnosis: Strigeid cercaria. (Measurements in Table 1). Oral 
opening terminal, prepharynx short, pharynx small, esophagus bifurcating about 
half way bet’ween pharynx and level of ventral sucker. Ceca long and narrow, 
inconspicuous, terminating at level of genital primordium anterior to excretory blad- 
der. Four small, inconspicuous penetration glands anterior to ventral sucker and 
ventral to ceca. Narrovc gland ducts run anteriorly, penetrate oral sucker, in which 
they are only slightly dilated, and open terminally lateral to oral opening. Excretory 
system typical. Two pairs of flame cells on each anterior collecting tubule; three 
pairs on each posterior collecting tubule, two pairs in body and one pair near base 
of tail Stem. A transverse commissure immediately anterior to level of ventral 
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and as far as ventral sucker centrally. Dorsally, scattered spines just beyond level 
of pharynx centrally and slightly farther back in lateral fields. About 16-20 long, 
thin “forward projecting” spines dorsal to oral opening (Fig. 3). Ventral sucker 
bears several irregular rows of thin, elongate spines. A pair of hair-like processes 
laterally at level of genital primordium. Hair-like processes on tail stem. Incon- 
spicuous stellate cells grouped along excretory tubule of tail stem. “Island of Cort” 
small. A pair of clear areas ( “unpigmented eyespots”) laterally anterior to ventral 
sucker. Second intermediate hosts are members of Physidae in which tetracotyle 
larvae very similar to those of C, flabelliformis are formed. 

Hosts: Physa parkeri Currier from Douglas Lake, Cheboygan County, Michi- 
gan. Physa gyrina Say from Grace Harbor, Presque Isle County and Munro Lake, 
Cheboygan County, Michigan. 

Like the cercaria of Cotyliirns flabelliformis , C. douglasi emerges from 
the snail host during the daytime. The cercariae swim, about constantly 
with tail foremost and frequently change direction. Since they tend to 
revolve on the long axis as they swim, they often take an irregular spiral 
course. They tend to be evenly distributed throughout the water in a 
small container and differ in this respect from the cercariae of C. flabelli- 
jormis since the latter tend to collect near the surface. This description 
of the activity of the cercaria of C. flabelliforinis differs from that given 
by Cort and Brooks (1928, pp. 191-192) ; it seems possible that their 
description was made from old cercariae. 

Cercaria douglasi appears to be smaller in all dimensions than the 
cercaria of C. flabelliformis (Table 1). The most striking and clear-cut 
size difference is in the length of the tail stem, which in C. douglasi is 
always shorter than the body while in the cercaria of C. flabellijomnis it 
is always longer. This difference makes it possible to differentiate the 
two species readily even under low^ magnification. 





I 




Table 1. —Measurements of the cercaria of Cotylurus flabelliformis and Cer- 
caria douglasi. Both lots of cercariae were fixed in hot 5% formalin by the same 
method and measiirements of 50 of each species made by the sajne person. All meas- 


‘ included in parenthesis. 



Cercaria of Cotylut'us 
Jlahelliformis from 
the varieties of 
Lymnaea stagnalis 

Body length 

217 ±3 

Body width 

(185-250) 

39 ±0.5 

Tail stem length 

(32-51) 

238 ± 1 

Tail stem width 

(211-256) 

36 ±0.4 

Furcal length 

(32-45) 

239 ±1 

. Lengtii of oral sueker 

(211-262) 

1 40 ± 0.3 

Width of oral sucker 

(32-47) 

20 ±0.1 

Diameter of ventral sucker 

(18-23) 

24 ± 0,1 


(21-26) 


Cerca7na douglasi 
from Physa gyt'ina 


198 ±2 
(172-224) 
38 ± 0.3 
(32-45) 
184 ± 0.5 
(173-192) 
32 ± 0.3 
(31-38) 
207 ±1 
(186-218) 
35 ± 0.4 
(29-43) 
18 ±0.1 
(13-20) 
23 ±0.1 
(21-26) 
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The two species may also be differentiated on the basis of body spina- 
tion (Figs. 4 and 5). On the dorsal surface the pattern of spination is 
virtually the same in both species, but ventrally the spines on the cercaria 
of C. fl^ahellijormis extend to the posterior limits of the body, while on 
C. douglasi they extend only to the level of the genital priniordium. In 
addition, the spines on the cercaria of C. flabellijormis are larger and more 
conspicuous than those of C. douglasi so that while the posterior limits of 
the spination of the latter were difficult to determine, it was relatively 
easy to determine the extent of spination on the former. 

Finally, there appear to be cleai'-cut differences between C. douglasi 
and the cercaria of C. flahellijormis in their choice of second as well as first 
intermediate hosts, the metacercariae in each case normally developing in 
snails of the same family as the snails used as first intermediate hosts, i.e., 
Physidae for C. douglasi and Lymnaeidae for Cotylurus flabellijormis. 

SUMMARY 

A redescription of Cercaria douglasi Cort, 1917, is presented. This 
species has been confused with the cercaria of Cotylurus flabellijormis 
(Faust) (=C. douglasi Cort and Brooks, 1928). The cercariae of these 
two strigeid species may be distinguished readily by differences in body 
spination and relative lengths of their tail stems. Cercaria douglasi de- 
velops only in members of the Physidae and members of this family are 
also the normal second intermediate hosts. The cercaria of C. flabelli- 
jormis develops only in lymnaeid snails and certain of the Lymnaeidae 
are its normal second intermediate hosts. 
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Explanation of Plate, p. 346 

Fig. 1, Sketch of C. douglasi drawn from a living specimen under slight cover 
glass pressure to show proportions. 

Fig. 2. Body and portion of tail of C. Ventral aspect 

Fig. 3. En face view of C. douglasi showing oral opening, gland duct openings 
and forward projecting spines. 

Fig. 4. Body of C. douglasi. Ventral aspect The spined area is indicated 
by shading. 

Fig. 5. Body of the cercaria of Co Ventral aspect The 
spined area is indicated by shading. 



THE LIFE HISTORY OF ECHINOCHASAWS DONALDSON! 
N. SP., A TREMATODE (ECHINOSTOMIDAE) 

FROM THE PIED-BILLED GREBE* 


Paul C. Beaver 
Lawrence College 

In August, 1939, about one-half per cent of Amnicola limosa and A. 
lustrica idktn from Hook Point on Douglas Lake and from a pond in 
Wilderness Park, Michigan, were infected with a minute undescribed 
species of echinostome-like cercaria. The first collections were made by 
Mr. Alan Donaldson who was surveying cercarial infections in the small 
operculate snails, and who kindly gave me the echinostome material. 
Additional material was obtained by numerous subsequent collections. 
After the cercaria and redia were described, it was possible to undertake 
a limited number of experiments in an attempt to discover other segments 
of the life cycle. It was found that freshwater fish are second intermediate 
hosts and the adult is an undescribed species of Echinochasmus which 
matures in the duodenum of pigeons (experimental) and the pied-billed 
grebe (Podilynibus podkeps) . The name Echinochasmus dgnaldsoni 
is pi'oposed for the new species. 

THE CERCARIA 

(Fig. 7) 

The cercariae emerge in the early morning and are active for 36 to 48 
hours in the laboratory. They are extremely small. Swimming be- 
havior is somewhat like that of many stylet cercariae. They swim echino- 
stome-like upwards for a few seconds, then fall slowly with the body 
flexed ventrally and with the tail contracted and held upward over the 
ventral side of the body. Creeping is infrequent. Hanging from the 
surface film is common in water less than a centimeter deep. The body 
of falling cercariae is circular in outline when seen from above. The tail 
is long and slender when swimming but may be contracted to less than 
one-half the length of the extended "body when creeping. 

Description:' Body spindle-shaped except when extended, widest at middle; 
length 70 to 120 p, in various states of contraction. Tail length about equal that of 
body. Oral sucker slightly ventral, spherical ; diameter slightly greater than that of 
acetabulum. Acetabulum in posterior third of body, bearing 26 small scale-like 

Received for publication, October 15, 1940. 

*A contribution from the University of Michigan Biological Station and the 
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spines on its margin. Oral sucker bears 10 minute spines on inner dorsal margin 
and 5 on either side of the outer ventral margin. Collar and collar spines not 
discernible. Cuticular spines of body undeveloped. Prepharynx relatively long*; 
pharynx cylindrical to spindle-shaped, not pyriform ; length less than one-half 
diameter of oral sucker. Esophagus and ceca plain with open lumina ; usually 
obscure. Cystogenous glands composed of angular masses of fine rods, mostly con- 
fined to a lateral field on either side extending from level of pharynx to posterior 
end, and a median pair of fields between pharynx and acetabulum. Excretory bladder 
of 2 chambers, both contractile. Excretory siphons arise antero-laterally from 
anterior chamber of bladder, enlarge immediately and form a single loop between 
acetabulum and pharynx ; siphons narrow rather abruptly at level of pharynx and 
extend forward to sides of oral sucker. Smaller tubules and flame cells could not be 
seen. Siphon granules angular and tend to be compound ; greatest diameter of 
largest ones about 4 p, ; 8 to 14 in each siphon, evenly distributed along large part 
of siphons from excretory bladder to pharynx. Tail powerful; attached slightly 
ventrad. Sharp circumferential ridges throughout its length is a conspicuous fea- 
ture in contracted tail of living specimens. Excretory canal extending from bladder 
into tail forms a large top-shaped bladder which may be emptied by contraction; 
lateral branches of this caudal excretory structure apparently are absent. Pigment 
absent from all parts of cercaria. Measurements in microns on fixed specimens: 
body in moderate state of extension, 100 by 52 ; tail, 102 by 26 ; oral sucker, 22 by 20 ; 
acetabulum, 21 by 18; pharynx, 10 by 9; distance between suckers, 50; distance 
between oral sucker and pharynx, 15 ; contracted specimens, .body and tail respec- 
tively, 70 by 60 and 50 by 30. 

THE REDIA 

(Figs. 8~10) 

Description: Living rediae lightly colored with scattered granules of brownish 
yellow pigment. Collar plain; low but generally visible on both young and old 
stages. Appendages usually low, sometimes prominent. Birthpore prominent. 
Pharynx relatively large, its position variable wdth state of contraction; sometimes 
withdrawn far into body, bringing collar forward to anterior tip of body where it 
may form lips of the oral orifice. Gut usually narrow, long, reaching region of 
appendages in mature rediae and beyond appendages in very young ones. Cercariae 
in various stages of development in rediae ; no mature cercariae were found in rediae 
and an abundance of larger immature cercariae were observed free in the snails’ 
tissues. Around 3,000 mature and slightly immature cercariae were found in the 
tissues of one snail. Measurements on living rediae: largest redia, 1.55 by 0,215 mm 
just back of collar; sucker, 86 by 77. p; appendages, 0.34 mm from posterior end. 
Small rediae, 0.14 mm in length; pharynx, 30 p wide by 24 p long. After fixation, 
collar usually not readily seen; located half-way between birthpore and anterior end. 
Appendages low ; located on posterior one-fifth of body. Gut length as in living 
state; position ventral, mostly in contact with ventral body wall. Average mature 
redia, 0.42 by 0.12 mm at level of birthpore; pharynx, 40 p, long by 44 p wide. 
Appendages 80 p- from posterior end ; collar .and birthpore, 50 and 100 pt respectively 
from anterior end. 

THE METACERCARIA 

(Fig. 6) 

Various species of snails, tadpoles, and fish were exposed to cercariae. 
All experiments with the first 2 were negative, but every attempt to infect 
fish was successful. 

Small fish and active cercariae were placed in shallow aquaria for 
several hours. Under magnification it could be seen that the respira- 
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tory currents were carrying the cercariae into the mouth and pharynx, 
and the cercariae were but rarely reappearing outside the gill chamber. 
Examination of such test animals invariably revealed small metacercarial 
cysts on the gills. Parasite free guppies (Lebistes reticulatus) j perch 
(Perea flavescens) , mollies (Molhenisia latipinia), and bluegills (Helio- 
perca incisor) were infected in this manner. Additional species which 
were not definitely known to be parasite free but by exposure and later 
comparison with control animals from the same lots, were found to be 
suitable hosts are: mudmimiow (Umbra limi), bullhead (Ameiurus 
nebulosus)j and shiners (Notropis spp.). In one of the areas where 
infected snails were most abundant, minnows were examined for nieta- 
cercariae which were similar to those found in the experimental minnows. 
The most abundant species were the five-spined stickleback (Eucalia 
inconstans) , fine-scaled dace (Pjrille neogaeus) jZmA bowfin (Amia calva). 
Thirty stickle-backs, ranging between 18 and 42 mm in length, carried 
from 1 to 140 cysts each, with the number of cysts roughly proportional 
to the size of the fish. Five bowfins ranging between 40 and 50 mm, each 
carried from 46 to 200 cysts. Twelve dace, around 15 mm in length, 
carried from 3 to 24 cysts, and 7 larger ones (50 mm) carried from 21 to 
170 cysts. In the field hosts the metacercariae wei*e usually in various 
stages of development. 

The mode of infection, encystment, and the nature of development were 
observed on fish that were infected in the laboratory. Cercariae are 
carried passively into the gill chamber where they attach themselves to 
the gill filaments and penetrate the epithelium over or between the lamellae. 
Occasionally it appears that they establish themselves between the secon- 
dary lamellae of smaller fish. In any case, whether their location is deep 
within the gill tissues or more superficial, they form a relatively strong 
primary cyst wall immediately. Cysts that are 24 hours old are fairly 
uniform in size and shape, 68 to 76 p long by 40 to 44 p wide, by 34 to 36 p 
thick. Where cysts are formed under pressure, the shape may vary 
slightly. The primary cyst wall is less than 2 p thick.. 

The body of the metacercaria does not differ appreciably from that 
of the cercaria during the first day after encystment. Collar spines become 
faintly visible after 3 to 6 days and the cyst wall becomes rough and 
indefinite on its outer margin due to infiltration cells. At 13 days the 
body is flexed ventrally, collar spines are small but more clearly defined, 
the cuticula is beginning to show spination pattern, and the cyst wall 
including host tissue is 4 to 7 p thick. At 21 days the body is flexed 
almost double, collar spines are about 3 p long, cuticular spination is well 
developed, and the spines around the acetabulum have disappeared. At 
4 weeks the spination is slightly advanced and at 5 months the only 
additional change is in the cyst wall which is 10 to 14 p thick and unpig- 
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mented, and the collar spines which are 5 to 7 p long. Accurate measure- 
ments were not obtained on both suckers of a single individual but it ap- 
peared that the acetabulum was relatively larger after 4 weeks. Size and 
shape of the cyst wall, number and distribution of siphon granules/ and 
spination of oral sucker remain unchanged after encystment. 


THE ADULT 

(Figs. 1-5) 

Metacercariae of various ages were fed to 6 pigeons, 6 canaries, 1 
chicken, 1 kitten, 1 rat, and 2 mice. Perch that were taken from a lake 
where snails do not occur were experimentally infected and after 13 days 
were fed to 3 canaries and 1 pigeon. All were negative after 8 to 10 days. 
After 17 to 21 days, perch carrying around 150 metacercariae were fed to 
a pigeon, and 7 days later 3 worms that were barely mature were recovered 
from the duodeum. Five-spined stickle-backs were collected from an 
area where the cercariae were found and the approximate number of 
metacercariae on their gills was determined. They were then fed to a 
number of hosts to determine whether they would develop into the same 
adult as those obtained from the experimental metacercariae. Also it 
was desirable to determine whether metacercariae, some of which prob- 
ably would be older than 21 days in the field hosts, would develop in 
laboratory hosts other than the pigeon. Three canaries were given gills 
bearing 100 to 300 metacercariae, and were found negative after 6, 7, and 9 
days respectively. A rat, 2 mice, and a kitten were likewise fed 100 to 
300 cysts and were negative on the 8th day. A month-old chicken was 
negative on the 8th day after receiving 150 cysts from the sticklebacks. 
Three pigeons were given 100 to 250 cysts and after 7 and 8 days, 

1 and 3 mature worms respectively were recovered from the duodenum of 

2 of them. Another pigeon was given over a period of 4 days, 250 stickle- 
backs, each of which carried 1 to 140 metacercariae. Eggs appeared in 
the feces on the 7th day following the original feeding, and on the 9th 
day 31 of the worms were found in the duodenum. 

Several conclusions may be drawn from the above described feeding 
experiments. The metacercariae are infective after 3 weeks of encyst- 
ment. The pigeon is a suitable laboratory host although the percentage 
of metacercariae which developed into adults was small, possibly because 
many of the metacercariae were immature. Maturity in the adult worm 
is reached on the 7th day in pigeons. Its location in the host is the 
duodenum. The canary is definitely refractive to this species and although 
the experiments with the rat, mouse, kitten, and chicken were inconclusive, 
it seems likely that they too are unsuitable laboratory hosts. The adults 
obtanied from the field infections of metacercariae are the same as those 
from the experimental infections. 
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Two pied-billed grebes (Podilymbus podiceps) were taken from an 
area about 25 miles from where the infected snails were collected. In 
the first one, 25 worms which were identical with those taken from experi- 
mental pigeons, were found in the duodenum. Over 100 worms of this 
species were taken from the second. 

The following description is based on sections and toto-preparations 
of mature specimens from the grebe and pigeon. 

Description: Mature worms small and elongate, tapered at neck and posterior 
end. Size, 0.88 by 0.256 mm to 1.84 by 0.32 mm. Widest level usually at, or just 
posterior to, testes but may be at level of acetabulum, esophagus, or crown. 
Cuticular spines relatively large, extending to level of posterior testis along lateral 
and ventral sides, and to ovary on dorsal side. Oral sucker small, terminal, with the 
mouth directed ventro-anteriorly ; provided with a row of 10 scale-like spines on the 
inner border of the dorsal side and 8 to 10 low papilla-like elevations of the 
cuticula over the ventral and lateral surfaces of the outside border. Pharynx oval ; 
length equal to, or greater than diameter of oral sucker. Walls of esophagus some- 
what irregular, narrow anteriorly but usually much inflated near bifurcation, 
Ceca compressed laterally throughout most of length and extend to posterior end 
where they are attached to, or at least in contact with, the terminal chamber of the 
excretory bladder. Acetabulum spherical, near middle of body ; diameter about 
twice that of oral sucker. Crown wedge-shaped, bearing 20 relatively large spines; 
arranged 9 on either side in a single row that is interrupted dorsally, and 1 on each 
angle. Angle spines usually much smaller than others but are sometimes almost 
equal to them ; margin spines nearly uniform in size and shape. 

Testes contiguous, round to elongate transversely; anterior testis typically wider 
and usually larger than posterior one; margins simple. Ovary on right side; 
diameter varies from slightly less than, to 1.5 times the length of ova. Oviduct arises 
dorsally and enlarges to form a distinct fertilization chamber just proximal to junc- 
tion of Laurer’s canal ; Laurer’s canal long, containing sperms in inner portion ; 
outer portion very narrow and apparently without opening to outside ; attachment to 
body wall directly dorsal to left intestinal cecum. Yolk reservoir voluminous, 
receiving right and left vitelline ducts separately. Yolk ducts pass ventral to ceca in 
reaching vitellaria. Vitelline follicles extend from level of acetabulum to posterior 
end, the laterak fields joined back of testes by 5 or 6 isthmuses ventral to the 
excretory bladder and 3 or 4 dorsal to it. Uterus short, forming 3 to 6 horizontal 
and vertical loops; sperms stored in posterior portion of uterus. True seminal 
receptacle absent. Metraterm on left side and somewhat ventral to cirrus sac. 
Genital atrium shallow, simple. Cirrus sac ovoid, usually widest at its anterior end ; 
mostly dorsal to acetabulum, usually extending far beyond middle of acetabulum 
and sometimes reaching its posterior border. Seminal vesicle voluminous, divided 
into posterior and anterior chambers. Pars prostatica and prostate gland small but 
distinctly present Cirrus extremely short and simple. Genital pore crowded be- 
tween acetabulum and gut bifurcation. Excretory bladder divided into a longi- 
tudinal series of 5 chambers ; terminal chamber lined with irregular cuboidal 
epithelium which is continuous with the intestinal ceca although apparently there 
is no communicating lumen between the two structures. Lateral excretory siphons 
large in preacetabular region. Measurements on average specimen: length, 1.51 
mm; Width at level of crown, pharynx, acetabulum, and anterior testis respectively, 
0.248, 0.17G, 0.256, and 0.240 mm; oral sucker, 70 by 65p,; pharynx, 80 by 60 p ; 
diameter of acetabulum, 153 p ; cirrus sac, 160 by 84 jLt; diameter of ovary, 70 p,; 
eggs, 72 by 54 to 76 by 50 p; anterior testis, 120 by 154 p ; posterior testis, 118 by 
146 p ; spines on margin of crown, 66 by 14 to 72 by 15 p ; angle spines of crown, 40 
by 10 p ; length of cuticular spines at level of genital pore, 10 p. 
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Host: PodUymlms podiceps. 

Flabitat : UnoAtmim. 

Locality: Indian River, Michigan, U. S. A. 

Paratype specimens: U. S, Nat Mus. Helm. Coll. Nos. 36723-36725. 

DISCUSSION 

The cercaria of Echinochasmus donaldsoni is closely related to Cercaria 
ornaiostoma Cable, 1935. The behavior and general shape of the body, 
suckers, and tail are similar; cuticular and collar spines are lacking in 
both ; cystogenous glands consist of angular masses of small slender rods ; 
and the excretory bladder, ducts, and granules are identical in pattern. 
Oral spines occur on the ventral and dorsal lips of the oral sucker, and 
similar spines form a single row on the margin of the acetabulum. The 
rediae of the two species are likewise similar in the character of the 
collar, appendages, birthpore, and sucker; the gut is long in both. C. 
oniatosfoma is much the larger of the two species, moderately extended 
specimens measuring 0.2 mm in length while specimens of the cercaria of 
E. donaldsoni are only 0.12 mm when fully extended. The oral sucker of 
C. ornatostoma bears a ring of about 12 large perioral cells that are not 
found in the other species, and the oral spines of the ventral lip are 8 in C. 
ornatostoma instead of 10. Siphon gi'anules are preacetabular in C. 
ornatostoma while they extend into the postacetabular region in the other. 
C. ornatostoma snOlS found in Goniohasis semicarinata in Kentucky. 

There are 27 more or less well known species which have been placed in 
the genus Echinochasmus Dietz, 1909. In 1931, Price reviewed the genus 
and listed the known species. Since then the following species have been 
added: E. novalickensis hy TUbdcngni (1932) \ E. rngosus and E. redio- 
duplicafns by Yamaguti (1933) ; E. ruficoilis hy Ishii (1935 ) ; E. rufi- 
capensis and E. hagtdai by {l9iS) ; E. narayani Mudaliar 

(1938) ; E. gorsakii, E. milvi, 3,nd E, tobi by Yamaguti (1939) ; and E. 
reniovarus and E, megavitellus by Lai ( 1939) . Because the vitellaria in 
E. reniovarus extend anteriorly into the preacetabular region, it must be 
removed from the gtnns Echinochasmus and placed in the genus Episth- 
mimn Liihe, 1909. It therefore becomes Episthmium reniovarus (Lai, 
1939). 

The numerous species of the genus Echinochasmus form 4 sub-groups, 
based on the number of collar spines. Four species, all Japanese, have 28 
or more collar spines; 15 species have 24; 6 species have 22; and £. 
dictBevi Issaitschikoff, 1927, like the form described here, has but 20 
collar spines. 

Comparison oi E. dietsevi whh the 20-spined North American form 
reveals a number of striking diflferences if the description of the former 
may be regarded as accurate for typical normal specimens. E. dietzevi 
has 3 alternating angle spines while E. donaldsoni has 1 only. Back of the 






testes, the vitellaria form rather solid fields that almost meet at the mid- 
ventral line and are confluent dorsally in E. dietsevi. In E. donaldsoni 
the vitellaria of the two sides are joined by isthmuses along both the dorsal 
and ventral sides. The intestinal ceca extend almost to the body wall at 
the posterior end in E. dietzevi, leaving no space for an inflated portion 
of the terminal part of the excretory bladder such as is found in E. 
donaldsom. Except for the differences in spine pattern, the other differ- 
ences might easily be explained as due to relatively poor specimens, or 
lack of detail in description. There is perhaps still some question as to 
wfliether distinct species of echinostomes may have identical spine pattern, 
but there cannot be the least doubt that individual collections of worms 
with dift'erent collar spine patterns are distinct species. 

Although the life cycle of E. perjoUatus (Ratz) is somewhat imper- 
fectly known (Muto, 1921), apparently it is the only species of the genus 
whose development, modes of transmission, and hosts are known to 
closely resemble those of E. donaldsom. The cercariae of both are minute 
gymnocephalous forms which differ principally in the distribution of the 
siphon granules and pigmentation of the cystogenous gland cells. In 
both species the cercariae are carried into the pharynx of freshwater fish 
where they encyst on the gill filaments, and when infective metacercariae 
are eaten by the final host, maturity in the adult stage is reached in a 
relatively short period, 7 to 10 days. The metacercariae of E. japonica 
Tanabe (Ujiie, 1936) and E. liliputanus (Looss) (Ciurea, 1931) also are 
found on the gills of freshwater fish. 


SUMMARY 


1. A new gymnocephalous cercaria is described ivom Amnicola limosa 
and A. lustrica from the region of Douglas Lake, Michigan, and its life 
cycle demonstrated experimentally. 

2. The cercariae encyst on the gills of numerous species of small fresh- 
water fish and develop collar spines typical of echinostomes. 

3. Metacercariae are infective after 3 weeks and become adults in the 
duodenum of pigeons, maturing on the 7th day. 

4. The pied-billed grebe (Podilymbus podiceps) is a field host for the 
adult. 

5. The adult is described as a new species, Echinochasmus donaldsoni. 
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Explanation of Plate 

Drawings made with the aid of a camera lucida. 

Fig. 1. Young adult. Ventral view. 

Fig. 2. Young adult. Lateral view. 

Fig. 3. Head crown of adult. Ventral view'. 

Fig. 4. Head crown of adult. Lateral view. 

Fig. 5. Composite transverse section of mature worm at level of ovary, fertili- 
zation chamber, Laurer's canal, ootype, etc. Anterior view. 

Fig. 6. Metacercaria, 4 weeks after encystment. 

Fig. 7. Cercaria. Ventral view, moderately contracted. ( Outlines drawn 

from fixed specimen.) 

Fig. 8. Immature redia. Ventro-lateral view. 

Fig. 9. Mature redia. Lateral view, moderately contracted. 

Fig. 10. Anterior end of mature redia showing pharynx withdrawn to level of 

birthpore and the collar constricting the opening at the extreme anterior tip. 
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The anthelmintic activity of the resorcinols and their derivatives has 
been studied extensively in recent years, particularly by Lamson and his 
associates. As is well known the most desirable member of this class of 
compounds, viewed from the standpoint of both anthelmintic activity and 
toxicity, is hexylresorcinol. There is another group of closely related 
compounds, however, the mono ethers of the dihydroxy benzenes, having 
O— R 


the general formula 


whose anthelmintic activity has not been 


investigated as far as the authors are aware. 

Some of the members of this class of compounds occur naturally 
(guaiacol, beechwood creosote, oil of clove), while others (resorcinol, 
hydroquinone, catechol) must be prepared synthetically. Although it is 
recognized that many more compounds of this series exist, only the com- 
pounds having a normal arrangement of carbon atoms from C 4 to Ce were 
prepared since this range has been demonstrated by other investigators 
to be the most effective as anthelmintics. The organic synthesis of these 
members was carried out by one of us (C. F. L.) and will not be consid- 
ered here in detail. It is sufficient to say that the compounds had the 
proper structure and the degree of purity required by the accepted 
standards. 

EXPERIMENTAL METHODS 

The anthelmintic activity of the compounds studied was determined 
by the in vitro method of Lamson and Brown, the mechanics of which 
have been previously described (Landsberg and Accousti (1)). The 
test object, Ascaris lumbricoides of swine^ was obtained at a local slaugh- 
ter house. The worms were exposed to the drug and then tested for 
motility, by dropping into water at 60° C, twenty-four hours after ex- 
posure. If no motion in either direction was observed they were con- 
sidered dead. 

To determine the toxicity of the compounds studied the usual pharma- 
cological procedures were carried out. As a preliminary measure gradu- 
ated doses, based on grams per kilo body weight, were given to adult rats 
by stomach tube. By this method the dose which would kill in twenty- 
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four hours was determined. This dose then was administered to each 
of 10 rats and the mortality in twenty-four hours determined. Since the 
objective was to determine the dose wliich would produce a fifty per cent 
mortality (L. D. SO) in twenty-four hours, this dosage was raised or 
low^ered until that quantity of drug was found. In some instances this 
involved several groups of 10 rats each. When the fifty per cent killing 
dose was established a final 10 animals ware used for confirmation. 


EXPERIMENTAL RESULTS 

As a preliminary experiment runs were made on the various mono 
ethers using two ascarids for each run. The concentration used in each 
instance was one to a thousand. The results have been summarized in 
Table 1. 


Table 1. — Prclimmary runs on the mono ethers of the dihydroxy-benzenes 


Compound* 

Time 

2' 


10' 

20' 

30' 

45' 

Ihr 

2 hr 

3 hr 

Percentage of worms killed 

Resorcinol mono-n butyl ether . . 

0 

50 I 

100 

100 

100 

100 

100 

100 

100 

Resorcinol mono-n amyl ether . . 

0 

100 

100 

100 

100 

100 

100 

100 

100 

Resorcinol niono-n hexyl ether . . 

0 

0 1 

100 

100 i 

100 

100 

100 

100 

100 

Hydroquinone mono-n butyl ether 

0 

0 

66 

100 

100 

100 

100 

100 

100 

Hydroquinone mono-n amyl ether 

0 

0 

33 

100 

100 

100 

100 

100 

100 

Hydroquinone mono-n hexyl ether 

0 

0 

50 

100 

100 

100 

100 

100 

100 

Catechol mono-n butyl ether . . . 

0 

0 

0 

0 

0 

0 

0 

100 

100 

Catechol mono-n amyl ether ... 

0 

0 

0 

0 

0 

0 

50 

100 

100 

Catechol mono-n hexyl ether . . . 

0 

0 

0 

0 

0 

50 

100 

100 

100 

Ouaiacol 

0 

0 

0 

0 

0 

50 

i 100 

100 

100 

Beechwood Creosote 

0 

0 

0 

0 

50 

50 

100 

100 

100 

Iso Eugenol 

0 

0 

0 

0 

0 

0 

100 

100 

100 

Eugenol 

0 

0 

0 

0 

0 

0 

100 

100 

100 

Oil of Clove 

0 

0 

0 

0 

0 

50 

50 

100 

100 


* Concentration 1 : 1,000. 


From this table it may be observed that resorcinol mono-n butyl 
ether, resorcinol mono-n amyl ether and resorcinol mono-n hexyl ether 
had the best anthelmintic activity. The first killed fifty per cent in 5 
minutes, the second killed one hundred per cent in 5 minutes and the 
third killed one hundred per cent in ten minutes. 

Since only two worms were used in the preliminary runs, other runs 
were made on the three compounds showing the most promise, using 
larger numbers of ascarids. In each instance 12 worms were removed 
at each time interval, and as all the worms were killed after tw^enty min- 
utes of exposure, the experiment was terminated after one-half hour. 

From Table 2 it may be observed that resorcinol mono-n hexyl ether 
gave the best results, killing fifty-five per cent of the ascarids in 2 minutes 
and one hundred per cent in 5 minutes. At this time it should be pointed 
out how the additional number of worms shifted the killing power of the 
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Table 2, — C oniparison of some of the mono ethers of dihydroxy-hemene zmth 

hexylresorcinol 


1 Compound* 

Time in minutes 

2 

5 

10 

20 

30 

1 

Percentage of worms killed 

# Resorcinol mono-n butyl etiier 

1 

1 0 

10 

73 

100 

100 

' Resorcinol mono-n amyl ether 

t 40 

42 

1 73 

100 

100 

Resorcinol mono-n hexyl ether 

55 

100 

! 100 

100 

100 

Hexylresorcinol 

75 

100 

100 

100 

100 


* Concentration 1 : 1,000. 

compound. When only two worms were run, resorcinol mono-n amyl 
ether appeared to have the most activity, killing one hundred per cent in 
5 minutes (Table 1), and resorcinol mono-n hexyl ether appeared to 
have less activity than any of these three compounds, not killing one hun- 
dred per cent until ten minutes (Table 1). When 12 worms were re- 
moved at each time interval, however, using the same concentration, the 
killing ability of the compounds was shifted markedly. In this instance 
resorcinol mono-n hexyl ether showed the most activity, killing one hun- 
dred per cent in five minutes (Table 2) while resorcinol mono-n amyl 
ether did not kill one hundred per cent until 20 minutes exposure 
(Table 2). 

It is recognized that hexylresorcinol has probably the best anthelmin- 
tic activity of this general class of compounds. With this in mind the 
three compounds prepared by us were compared with hexylresorcinol by 
the same in vitro method. The results of this comparison have been 
summarized in Table 2. It may be observed from this table that the 
anthelmintic activity of resorcinol niono-n hexyl ether is closer to that of 
hexylresorcinol than any of the other compounds of this series. On the 
basis of 12 worms removed at each stated time interval resorcinol mono-n 
hexyl ether killed fifty-five per cent after two minutes exposure as com- 
pared with seventy-five per cent killed by hexylresorcinol for the same 
period under the same experimental conditions. At the five minute 
period, however, the two compounds had equal killing power, both kill- 
ing one hundred per cent. 

Since the in vitro anthelmintic activity of resorcinol mono-n hexyl 
ether and hexylresorcinol is very close, varying only twenty per cent at 
two minutes exposure (Table 2), it appeared desirable to determine the 
relative toxicity of these two compounds. One of the common pharma- 
cological procedures, used for the determination of an acute dose, is the 
establishment of the L. D, 50 for twenty-four hours, i.e., the dosage which 
will kill fifty per cent of the experimental animals in twenty-four hours. 
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From a preliminary study on rats it was found that 1.75 gm resorcinol 
mono-n hexyl ether per kilo of rat, killed in twenty-four hours. This 
dosage, after further testing in other rats, was found to be the L. D. 50 
for twenty-four hours. When the same dosage of hexylresorcinol (1.75 
gm per kilo) was given to rats the killing power was essentially the same. 
On the basis of toxicity in rats then, resorcinol mono-n hexyl ether does 
not appear to be more toxic than hexylresorcinol. 

DISCUSSION 

On the basis of the experimental procedures outlined previously, 
resorcinol mono-n hexyl ether has the best anthelmintic activity of the 
group of fourteen mono ethers of the dihydroxy benzenes studied. In 
passing it may be observed also that of these compounds the synthetic 
members have greater anthelmintic activity than those occurring in na- 
ture (Table 1). By the same in vitro testing method resorcinol mono-n 
hexyl ether appears to have about the same anthelmintic activity as hexyl- 
resorcinol. The toxicity of this compound in the rat on a grams per kilo 
basis compares favorably with hexylresorcinol. 

Resorcinol mono-n hexyl ether is a reddish-brown, oily liquid having 
O— CoH,3 


the formula 



Its solubility is close to that of hexylresor- 


cinol. Lanison et al. (2) in describing the physical properties of a 
phenol required for good ascaricidal activity, maintain that it should be 
a liquid and have a solubility ranging from 1 : 1,000 to 1 : 35,000. It may 
be observed that resorcinol mono-n hexyl ether falls into such a category. 
It is realized fully that the activity observed in the in vitro ascaris testing 
procedure does not give an absolute index of anthelmintic activity in either 
man or other animals, but in view of the observations it appears to the 
wTiters that this compound, resorcinol mono-n hexyl ether, merits addi- 
tional investigation. Further studies should include the in vivo action 
on the dog ascaris and the toxicity of the compound for canines with the 
resultant pathology. Upon the basis of these results the efficacy of the 
compound for other animal parasites, as well as for human administra- 
tion, may be considered. 


SUMMARY 

1. Of the fourteen compounds of the mono ethers of dihydroxy ben- 
zene, resorcinol mono-n hexyl ether appears to have the greatest anthel- 
mintic activity when tested by the in vitro ascaris technique. 

2. The toxicity of this compound, when tested on rats, is no greater 
than that of hexylresorcinol. 
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t 3. In the opinion of the authors this compound merits further inves- 

I tigation, particularly in vivo anthelmintic and toxicity studies in dogs. 
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RESEARCH NOTES 


OCCURRENCE OF TRICHOSTRONGYLUS COLUBRIFORMIS IN THE 

GUINEA PIG 


A male specimen of Trichostrongylus colubriformis 4.5 mm long was discovered 
in the posterior part of the small intestine when a young guinea pig, experimentally 
infected with Trichinella spiralis, was examined for adult trichinae. Autopsy of 
another young guinea pig, purchased at the same time and used in the same experi- 
ment, did not reveal any trichostrongylids, nor could helminth eggs be demonstrated 
in a fecal sample from its rectum. 

Altogether, of a large number of trichinized guinea pigs whose intestines have 
been examined for adult trichinae, this was the only case in which accidental infec- 
tion with another worm was met with. The guinea pig in question had been pur- 
chased from a man who bought up laboratory animals from small landowners in the 
vicinity of Copenhagen. The animal must be supposed to have picked up the infec- 
tive larva when it was fed with fresh grass from an area where infected sheep were 
running. Then, the very young age (few months) of the guinea pig may have been 
one of the causes why such an unusual parasite could reach maturity in its intestine. 

T. colubriformis, a very common parasite of the sheep, has also been reported 
from a long series of other hosts, as goat, cattle and other ruminants, horse, squirrel, 
hare, rabbit, zizel, several kinds of apes and monkeys, and man.— H ans Roth, Insti- 
tute for General Pathology, University of Copenhagen (Director: Professor Oluf 
Thomsen ) . 


NOTE ON LIFE HISTORIES OF THE GENUS PARAMONOSTOMUM 
LUHE, 1909 (TREMATODA: NOTOCOTYLIDAE) WITH SPECIAL 
REFERENCE TO THE EXCRETORY VESICLE 




During the past five years repeated efforts have been made to solve the life- 
histories of the notocotylid cercariae parasitizing Peringia ulvae (Pennant, 1777). 
The experiments have been tried again this winter with partial success. 

Six species of these larvae were isolated and the cysts fed to laboratory reared 
ducklings. Three pertained to the Monostomi sub-group and three to the Yen- 
chingensis sub-group. Although the material of the former group was far more 
plentiful all efforts at rearing the adult worms again failed. Two species of the 
Yenchingensis sub-group, however, developed in the intestinal ceca of the ducks, 
into flukes of the genus Paramonostomwm 

It is well known that in mature notocotylid trematodes the excretory vesicle 
becomes greatly complicated. The essential change lies in the development of 
numerous large ramifying branches arising from the lateral edges of the vesicle. 
This system is not visible in preserved material and has only been figured by 
Looss (1896, Mem. Inst. Egypt. 3: 1-252) for Catatropis verrucosa (Frol. 1789) 
and by Noble (1933, Tr. Am. Micr. Soc. 52: 353-359) for C. pacifera Noble, 1933. 
In these drawings there is no structure shown which could represent the unpaired 
diverticula present in Yenchingensis cercariae. In this region (the extreme an- 
terior portion of the vesicle) there are a pair of branches figured, one lying on 
either side of the esophagus. 

The excretory system of the adult Paramonostomimi is very similar to that 
of Catatropis; large branches developing along the lateral edges of the vesicle. 
These are difficult to trace to their extremities, but in some very favorable speci- 
mens it appears that the branches arising from the inner margin aiiastaniose in the 
center line of the body, thus forming a network. The median unpaired diverticula 
of the cercaria persists as a large conspicuous unpaired branch immediately over- 
lying the esophagus (Figs. 1 & 2). 

It will be recalled that in an earlier publication (Rothschild, 1938, Novit. Zool. 
Tring. 41 : 75-83) the author divided the notocotylid cercariae into three groups 
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Fig. 1. Anterior end of P aramonostomum sp. showing the excretory vesicle. 
The diagram was drawn with the aid of a camera lucida during life and the finer 
branches are omitted. Anastamosing of the median branch could not be made out 
in this specimen. 

Fig. 2. The unpaired diverticula in another specimen. 

Fig. 3. Anterior end of the cercaria of P aramonostomum sp. (Yenchingensis 
sub-group) showing the unpaired diverticula of the excretory vesicle. (Camera 
lucida drawing.) 

Abbreviations 

D — unpaired diverticula of excretory vesicle 
E“-~lateral eye spot 
G — genital pore 
■ 1 — intestine ■ 

M- — median eye spot 
O — esophagus 
S — oral sucker 
V— excretory vesicle 
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according to the structure of the anterior portion of the excretory vesicle. (It is 
probable that a fourth group may be now added in which the two halves of the excre- 
tory vesicle do not fuse in the anterior region, but remain separate, as in the earlier 
stages of cercarial development. This is suggested by Herber's interesting experi- 
ments (Herber, 1939, J. Parasitol. 25: Suppl: 18-19.) and some unpublished 
drawings shown to the author by Prof. R. P. Dollfus. This character will probably 
be found to characterize the adult worm as well as the larva.) It is therefore of 
interest to find that the unpaired diverticula of the cercaria (Fig, 3) persists in the 
adult Paramonostomiim. However, the genus N otocotylus as it now stands may 
well contain two or more types of excretory vesicle. Thus at least one cercaria of 
the Yenchingensis group and one of the Monostomi group (Szidat, L, and U., 1933, 
Gentr. Bakt I Abt Orig. 129: 411-122; Yamaguti, 1938, Z. Parasitenk. 10: 288- 
292) have been reported to develop into the same species of adult, Notocotylus at- 
tennatus (Rud. 1809)1 

Further investigation into the excretory system of adults of the Monostomi sub- 
group is therefore very desirable and renewed efforts are being made to rear those 
species found in Peringia ulvae . — Miriam Rothschild, Pcfcrboroiit/Zi, England. 

THERMAL DEATHPOINT OF THE ERYTHROCYTIC STAGES OF • 
PLASMODIUM CIRCUMFLEXUM 

Very little work has been done on the thermal deathpoint of the malaria parasite. 
In their paper on cultivation Bass and Johns (1912, J. Exper. Med. 16: 567) stated 
that glass pipettes recently flamed should be allowed to cool below 50° C since other- 
wise the blood and parasites might be injured. The present study was undertaken 
since we needed to know the thermal deathpoint of P. circimiflexum in the erythro- 
cytic cycle in connection with immunity experiments. 

Two strains of P. circimiflexum were used. In earlier work (Manwell and 
Goldstein, 1940, J. Exper. Med. 71: 409) these were designated as Strains E and A, 
and a history of the strains was presented. Both strains are virulent and show 
exo-erythrocytic stages with regularity. 

The technique used to determine the deathpoint vras of two sorts. At first the 
parasites were placed in a constant temperature water bath. But it was found that 
results obtained this way did not differ markedly from those made by placing the 
blood in a constant temperature incubator equipped with a De Khotinsky thermal 
coiltrol. Since this latter method was simpler, it was used in most of the experi- 
ments. The vial containing the blood and parasites was then placed in a vessel filled 
with water at the same temperature as the incubator. This step was to prevent any 
changes of temperature which might be produced by opening and closing the incubator 
door. 

The blood was removed with sterile precautions from a heavily infected canary 
and mixed with either citrated physiological saline, or saline to which heparin had 
been added. This was then placed in a glass vial and sealed air-tight with a sterile 
piece of rubber dam, after taking pains to remove all of the sulphur bloom from the 
rubber. The vial was now put into the hot water bath or into the incubator. In all 
experiments, two minutes were given for the glass vial and fluid to reach the experi- 
mental temperature. Every five minutes the vials were shaken. 

A total of 47 female canaries was Used. Of this number, 36 were experimental 
while 1 1 served as controls. 33 were Strain E cases ; 3 Strain A. All injections of 
previously heated material were intravenous. 

The results are summarized in Table 1. 

It is dear from these data that the thermal deathpoint of erythrocytic stages of 
P. circumflexnm is 50° C for 15 minutes of exposure; or at 55° C for 5 minutes of 
heating. This assumes, of course, that sufficient time has been allowed for the warm- 
ing of the vial and fluid to the experimental temperature. It would be diflicult to 
establish the exact point of death and a more complicated technique would have to be 
employed to this end. But for general purposes, the above range is sufficiently accu- 
rate. At 40° C there was no effect of temperature on the parasites even when ex- 
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posed 30 minutes. At 45° C there was a delayed prepatent period over that of the 
controls of from 3 to 6 days in samples exposed longer than 15 minutes. This is 
indicative that some of the parasites were killed by the heating while others resisted 
it, or that the parasites were weakened but recovered. At 50° C any exposure over 15 
minutes resulted in no infection, while 5 and 10 minute exposures caused a delay 
similar to that observed at 45° C for 15 minutes. At 55° C five minutes of exposure 
was sufficient to kill all of the parasites. 


Table 1. — Effect of temperature on prepatent period and parasites 


Exposure 

time 

{'minutes) 

40'*C. 

(1 case 
each) 

45“C. 

( 2 cases 
each) 

50°C. 

( 3 cases 
each) 

55®C. 

5 

No effect 

No effect 

Delayed 

No infection 

10 

No effect 

No effect 

Delayed 

(12 cases)* 

No infection 

15 

No effect 

Delayed 

No infection 

(3 cases) 

No infection 

30 

No effect 

Delayed 


(5 cases) 


* 9 eases of Strain E and 3 cases of Strain A. 


An interesting fact is that blood heated to 55° C for even 15 minutes shows little 
morphological change when smeared and stained with Giemsa. Naturally the color 
had darkened much during exposure to the heat. The parasites in such blood show 
very little change in shape other than a tendency to round up. The main apparent 
change in the parasites occurs in the staining since they appear darker in color, both 
the chromatin and cytoplasm. But merozoites look very much like normal ones 
except, again, that they stain more darkly. 

Conchisions: The thermal deathpoint of P. cir cum fie xum in red blood cells 
appears to be 50° C when exposure is for 15 minutes, or 55° C for 5 minutes approxi- 
mately. There is no hemolysis of the blood at these temperatures. The parasites 
undergo little morphological change other than a tendency to round up and take a 
deeper stain with Giemsa. — Frederick Department of Zoology, Syracuse 

University. 

BALANTIDIUM CO LI AND PINWORM IN A CHIMPANZEE 

In 1935 a young chimpanzee in the Chicago Zoological Park at Brookfield, Illi- 
nois, was reported by its attendant to be ailing. A fecal sample was sent to the 
writer. The sample contained considerable mucus but was formed. Microscopic 
examination revealed a moderate Balantidium coli infection. 

Five days later another fresh sample was obtained. It was fluid with much 
mucus. One active female pinworm was found, as well as many eggs. The number 
of balantidia had greatly increased over that in the previous sample. Both cysts and 
trophozoites were plentiful. 

The above is a record of a double infection, helminthic and protozoan. The 
correlation between the diarrheic condition of the fecal sample and the increase in the 
number of balantidia is marked. Hegner (1934, Am. J. Hyg. 19: 480-501) states 
that in fecal examination of fifteen chimpanzees the impression was gained that the 
animals most heavily infected with balantidia had the greatest tendency to become 
diarrheic. The presence of the pinworm may have been a factor contributing to the 
diarrhea in the case of the Brookfield chimpanzee, — Albert E. Moorman, Kansas 
Wesleyan University, Salina, Kansas. 



REVIEW 

Carlos Finlay and Yellow Fever. By Carlos E. Finlay, xii + 249 pp., 25 illus- 
trations. Oxford University Press, New York. 1940. 

No short review can do justice to this attractive volume, which brings together 
biographical notes on Carlos Finlay, the story of the development of his theory of 
mosquito transmission of yellow fever, the record of the results obtained in the con- 
trol of yellow fever following the confirmation of his theory in 1900, and a discussion 
of recent laboratory and epidemiological findings in the light of his experimental 
work. 

The purpose of the volume is best stated in the author^s own words : 

“The misconception of my father’s role in the discovery of the transmission 
of yellow fever by the mosquito, its undervaluation and the nonrecognition 
of the experimental phase of the work, which has prevailed in almost all the 
discussions of yellow fever in the English language, constitute the principal 
inducements which have led me to write this book.” 

This labor of filial love has been carefully executed and the result is a most 
excellent brief, brought up to date on the basis of laboratory and field work during 
1927 and 1940, for the plaintiff in the case of Finlay vs Reed et al, and Gorgas: by 
a coincidence it has the same number of pages as has the Senate Document No. 822 
(1911), which may be considered as the brief for the defense. The two volumes 
should be studied together. 

It is indeed regrettable that unpleasant discussions as to who should get the 
credit for the mosquito transmission of yellow fever should have occurred; surely 
there was glory and to spare for all who had any part in contributing to the work 
which led to the control of the most fearful of tropical scourges. 

Such discussions were, however, unavoidable since Finlay believed so utterly 
in the doctrine of mosquito transmission that “. . . it is a question if his faith in it 
was increased by the results of Reed's experiments” (Carter), but was unable to 
convince others ; . . in the trying period from 1881 to 1900 only two figures stand 

forth in the background: one was my mother, his wife and faithful helpmate . . 
the other was Dr. Claudio Delgado, at that time my father’s only disciple. . . 

I In spite of exceptional opportunities to present his theories before scientific societies 

? in Cuba, the United States and Europe, and personally to such students of the dis- 

i; ease as Sternberg and Gorgas, Finlay never succeeded in convincing others of the 

^ validity of his experimental work. Reed and Carroll, who became part of the Army 

Commission in Cuba in 1900, had been working on the etiology of yellow fever since 
1897 and turned to the theory of mosquito transmission only after all other leads had 
been played out and after Carter’s field observations indicated the necessity for an 
“extrinsic incubation period” between the first case and secondary cases in any 
community. 

It is perhaps natural that advantage should have been taken of these discussions 
by strong nationalists and others with political axes to grind : 

“. . . those flocking after him because of his theory did so from patriotic and 
other motives which before had not appealed to them” (page 25). 

One cannot but consider as suspect such actions’ as that cited on page 44 : 

“Finally, at the closing session of the German Ibero-American Academy held 
at Vienna in August, 1939, a resolution was unanimously carried recogniz- 
ing Carlos J. Finlay as the sole discoverer of the mosquito transmission of 
I yellow fever/' 

It is hardly to be expected that the historians of the future will accept this 
sweeping conclusion with its implications of criminal negligence of health oflicers 
who permitted the uncontrolled ravages of yellow fever from 1881 to 1901. 
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Surely, it will not be difficult to reconcile rival claims in the face of (1) Reed’s 
declaration, page 219 : 

“We here desire to express our sincere thanks to Dr. Finlay who accorded 
us a most courteous interview and has gladly placed at our disposal his sev- 
eral publications relating to yellow fever, during the past nineteen years; 
and also for ova of the species of the mosquito with which he has made his 
several inoculations . . . with the mosquitoes thus obtained we have been 
able to conduct our experiments.” 

and (2) Finlay’s statements in 1903 : 

‘7 have never claimed that 1 had demonstrated the factors, but I have proved 
by unmistakable evidence, in print, that I had foretold the results which the 
Army Board afterwards confirmed, giving them as original discoveries of 
their ozmiT (The transmission of yellow fever. J, Am. Med. Assn., 1903, 

p. 1660). 

It is to be expected that the final decision will be in accord with the tribute paid 
by Doctor Sawyer on his reception of the “Carlos J. Finlay” decoration May 16, 
1940, which forms the final paragraph of the Appendix of the book under review : 

“The decoration which I am receiving at your hands might appropriately be 
considered a recognition of the yellow fever research of my colleagues as 
well as my own, for we always work as a group, and I am especially pleased 
to learn that one of them, Dr. Fred L. Soper, is being similarly honored on 
this occasion. The decoration is especially dear to me, as a student of 
yellow fever, because it bears the name and likeness of Carlos Finlay, who 
made the first great contribution to our knowledge of the disease. Far 
ahead of his time, and at the very beginnings of bacteriology, he published 
a hypothesis that yellow fever was transmitted by a special mosquito and 
strove for two decades to prove his thesis, experimentally to the satisfac- 
tion of his contemporaries. The fact was finally firmly established for 
him, and with his friendly collaboration, by the Army Commission. During 
the long period in which his thesis was refused acceptance and was even 
scorned, he held firmly to his convictions and at last he was able to see the • 
full acceptance of his theory and its application to the immense benefit of 
man. In accepting this decoration I pay homage to Carlos Finlay.” 

Attention should be* called to the fact that the Bibliography as given fails to 
cite the following publications: 

1888 The microbe of yellow fever. Medical Record, New York, 33: 622. 

1889 Sur le Micrococcus versatilis (Sternberg) C. Delgado and C. Finlay J. Anat. 
et Physiol. 25: 223. 

1896 Apendice a la comunicacion sobre el tetracoca versatilis y la fiebre amarilla. 

8 pp. 8°, Habana. 

1899 Work cited by Reed. Medical Record, New York, 55(21). May 27, 1899. 

1900 Etiologia de la infeccion hemogastrica en la fiebre amarilla. Rev. Med. y 
Cir., Habana, 5: 117-122. Also 1899, An. Acad. 36: 183-190. 

—Fred L. Soper, Rio de Janeiro, BraAL 
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STUDIES ON THE GAPEWORM SYNGAMUS TRACHEA 
(MONTAGU, 1811) IN ROBINS AND CHICKENS^'" 


Richard C. Ripple 
University of Nebraska 


Manter ancD Pinto (1928) described Syngainiis tenuis picHkim from 
the robin in Nebraska but indicated that possible variations in the chicken 
gapeworm (Syngamus trachea) might show that the robin gapeworm is 
also S', trachea. The studies reported below were intended to determine 
the relationship between the robin and chicken gapeworm. 

Syngamus trachea has been reported from the robin by Walker 
( 1886) . Walker also pointed out that the larvae of 5. trachea were pres- 
ent in earthworms, and showed that earthworms •were not a necessar}^ 
host but could produce the disease in chicks that fed upon them. Walker 
experimentally infected robins with gapeworms from the chicken by feed- 
ing three young robins in the nest several infected earthworms. On 
examination, two of the robins were found to harbor three or four gape- 
worms each. In another experiment a young robin just from the nest 
was fed a large number of larvae hatched in water. It was kept in a 
cage hanging under a tree and fed by the old bird. On examination, 
three fair sized syngami •were found in the trachea. The experimental 
infections of robins — ^as done by Walker— were incidental to attempts 
to prove the importance of earthworms in the transmitting of gapeworms 
to chickens, and the experiments were not well enough controlled to be 
conclusive. 

S. trachea is known from various wild birds in England and the star- 
ling apparently is of considerable importance in the spread of the disease 
among domestic poultry in that country. Lewis (1926) showed that 
starlings play an important role in the distribution of gapeworms in 
chickens, while Taylor (1928) contended that the eggs obtained from the 
gapeworm of starlings have only a low infectivity to young chickens, but 

Received for publicatioiij July 16, 1940. 

^ Studies from the Zoological Laboratories, University of Nebraska, No. 207. 

2 xhe present studies were made under the direction of Dr. H. W. Manter. Tlie 
author is also indebted to Dr. Benjamin Schwartz of the U. S. Bureau of Animal 
Industry for sending specimens of Eisenia foefida infected with Syngaiims trachea 
from the chicken. 
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^‘once an infection has been obtained the second generation enters the 
chick readily.” Clapham (1935) showed quite conclusively— by using 
the indirect method of infection — ^that the starling strain of gapeworms 
is very infective to chickens. Rice (1929) transmitted a gapeworm in- 
distinguishable from S. trachea from the rook (Corvus fragile grts) to the 
chicken. 

Cram (1927) gave a list of 28 species of wild birds in which ^'gape- 
worms identical in structure with Syngamus trachea have been obtained.” 
The record of S', trachea from the robin in America by Walker (1886) 
and Megnin's (1883) report of its occurrence in the swift were not in- 
cluded in her list. In addition to these hosts, S. trachea has also been 
reported from the sparrow, linnet, martin, kestrel, pigeon, and sandpiper 
(Campbell, 1935), and from Cambers sparrow, water thrush, and junco 
(Cram, 1931). Cram noted the common occurrence of the parasite in 
wild birds in Alaska where it has not been reported from the chicken. 

In this country, S', trachea has been reported as occurring natui'ally 
in turkey, chicken, robin, bobwhite quail, ruffed grouse, and pheasant. 
The possible role played by wild birds in the dissemination of gapeworms 
in the United States is unknown. 

It is known that the life cycle of S', trachea can be completed with or 
without an earthworm but usually a higher percentage of infections as 
well as a larger number of worms are secured when infected earthworms 
are fed to experimental chicks. To Waite (1920) belongs the credit for 
establishing the fact that earthworms are an important factor in the trans- 
mission of gapeworms — ^as indicated by Walker. Clapham (1934) found 
more certain and more severe infections through the use of Eisenia foetida 
than when other species of earthworms were used. 

Of 76 robins collected at Lincoln, Nebraska, 25 or about 33 per cent 
were infected with gapeworms. Usually only one pair of worms was 
present but one robin contained three pairs. The worms occurred all 
along the trachea but usually in the lower third. 

MORPHOLOGY 

The morphology of these worms from the robin may be briefly 
described as follows (measurements in millimeters) : 

Male: Length, 1.146 to 4.239 (average of 31 specimens, 2.631). Buccal capsule, 
0.189 to 0.288 in external diameter (average 0.209), with cuticular rim. Esophagus, 
0.503 to 0.706 (average 0.601). Dorsal ray cleft, each branch usually bidigitate, 
sometimes tri digitate (in one specimen, one branch was bidigitate, the other un- 
forked) ; externo-dorsal ray rather short and thick; lateral rays about equal and 
close together; ventral rays similar. Spicules slender, usually subequal, rarely 
equal, 0.608 to 0.805 in length. 

Female: Length, 6 to 14 (average of 31 specimens, 9.5) ; width, 0.320 to 0.735. 
Vulva 2.19 to 3.50 from the anterior end. Buccal capsule, 0.193 to 0.278 in external 
diameter (average, 0.235), with cuticular rim. Esophagus, 0.518 to 0.785 in length 
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(aveiage 0.611). Number of teeth varying from seven to nine in both sexes, usually 
eight ; tendency toward nine teeth in the female and seven in the male. Eggs aver- 
age 0.090 by 0.047. 


This gapeworm appears to differ from S, merulae in the presence of 
a buccal rim and different dorsal rays. There seem to be no morpho- 
logical grounds for separating gapeworms of the robin and chicken, and 
S', tenuispiculum is considered a synonym of S. trachea. 


INFECTION EXPERIMENTS 

Methods: Gapeworms were removed from the trachea; the uteri dis- 
sected out, and as far as possible the gut and anterior end of the worms 
removed to keep the cultures clean. The eggs were placed in small dishes 
and incubated in a constant temperature box at a temperature ranging 
from 25° to 27° C. Most of the eggs yvere in the 4-, 8- or 16-cell stage 
when removed from the uterus. The cultures were kept relatively free 
of bacterial and fungoid growths by daily changes of water. On the 6th 
day the larva was clearly discernible through the eggshell. It was usually 
found that dissolution of the end '‘plugs’’ began on the 10th and 11th 
days. At the time of feeding, larvae had already hatched or could be 
clearly seen moving inside the shell. The species of earthworms used in 
the experiments were Eisenia foetida and HelodrUus caliginosus. These 
were kept in groups of 20 in flower pots containing soil that had been 
sterilized. At the end of 10 days the earthworms were washed and 
brushed and transferred to fresh sterilized soil before eggs were fed to 
them. The chicks used in the experiments w^ere all incubator hatched 
and raised in the laboratory under controlled conditions. 

In attempts to infect chickens directly with the infective stage of the 
robin gapeworm, the eggs were concentrated by drawing off as much of 
the water as possible. A drop of the culture was then placed on a sli 
and the infective eggs counted. A small quantity of flour was then added 
with the water until a small pellet containing the eggs was formed. This 
was fed to the chicks. By this method, Morgan and Clapham (1934) 
estimated that the size of the dose could be controlled to within an error 
of not more than 5 per cent. Feeding the earthworms the infective 
Syngamus eggs was accomplished by transferring the worms to dishes 
containing a small amount of soil, and washing infective eggs into the 
dishes. The earthworms remained in contact with the soil for four weeks 
or more before they were used in feeding experiments. 

Exper. 1 : Your one-day old cliicks were fed the infective eggs and 
larvae of the robin gapeworm. Each chick received approximately ISO 
infective eggs and many recently hatched larvae. The chicks were killed 
one at a time at weekly intervals and examinations made of the lungs 
trachea. None of the chicks revealed any indication of gapeworms. 
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Exper, 2: Each of four chickens four weeks old was fed three earth- 
worms caligmosiis) from the soil seeded with the infective 

eggs of the robin gapeworm. The chicks were killed one at a time at 
intervals of one week from the time of the last feeding. No evidence of 
gapeworms was found. 

Ex per. 3: A nest of three very young robins was kept under close 
observation. They were each fed one earthworm (Eisenia foetida) con- 
taining the larvae of the chicken gapeworm. When the robins were 
about tw’o weeks old they were removed to the laboratory. Two died 
shortly after capture. Through an oversight one individual was not 
examined. The other was autopsied but no gapewomis were found. 
The third robin was killed and examined two weeks after it was removed 
from the nest. No gapeworms were found. 

Ex per. 4: A robin just learning to fly was captured and fed several 
earthworms {Helodrilus caliginosus) from the soil seeded with the infec- 
tive eggs of the robin gapeworm. Ten days after the robin was experi- 
mentally fed it was killed and examined. One small ($7 mm) pair of 
gapeworms was recovered, 

Exper. 5: Six one- week old chicks were fed earthworms {Eisenia 
foetida) from the soil seeded with the infective eggs of S. trachea from 
the robin. Each chick received one worm each, daily, for four days. 
One week later three of the chicks were killed and found uninfected. 
Two weeks after the chicks were experimentally fed the remaining three 
were killed. One chick harboi'ed one large pair of gapeworms. No 
worms were found in the other two chicks. 

The earthworms used in this experiment had been previously fed 
the infective larvae of the robin gapeworm in the laboratory. It was 
considered unlikely that the earthworms carried a natural infection of 
Synganius since the gapeworm disease is rare or absent among poultry 
in this area. While the infection above seems to represent a cross from 
robin to chicken via Eisenia foetida it must be noted that the earthworms 
were collected in nature and it is not impossible that they contained the 
larvae of N. trachea from the chicken. 

Exper. 6: In this experiment large doses of the infective eggs of the 
robin gapeworm were given to six one-day old chicks for a period of six 
consecutive days. The exact number was undetermined, but several 
thousand infective eggs were fed each chick. Three weeks after the first 
feeding, all of the chicks were destroyed and examinations were made of 
the lungs and trachea. Two of the chicks harbored one large pair of 
gapeworms each. 

The number of chicks used in this experiment was small, but light 
infections were obtained in a third of the flock. It must be noted that 
the infective eggs used in this experiment differed from those of earlier 
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experiments since they had been in cold storage for six months before 
they were incubated, and increased infectivity of the eggs may have been 
due to this circumstance. 

DISCUSSION 

The above experiments indicate that the robin gapeworm cannot 
easily be transmitted to the chicken either by feeding the infective eggs, 
or by feeding earthworms {Plelodrilus caliginostis) from the soil seeded 
with the infective eggs of Syngamus from the robin. No infections in 
young robins I'esulted from feeding earthworms (Eisenia joetida) con- 
taining the larvae of the chicken gapeworm. An infection in a robin 
occurred {Exper. 4) after feeding earthworms {Plelodrilus caliginosus) 
from the soil seeded with the infective eggs of the robin gapeworm. This 
infection, however, might have originated before the young robin was 
captured. Exper. 6 seems to show definitely that robin gapeworm eggs 
when fed in large numbers can produce an infection with adult gape- 
worms in chickens. It seems doubtful if such cross-infections occur in 
nature. 

SUMMARY 

1. Morphologically the robin gapeworm could not be distinguished 
from S. trachea of domestic poultry. Therefore, Syngaimts temuspicu- 
Imn Manter and Pinto, 1928, is considered to be a synonym of Syngamus 
trachea. 

2. Several attempts to infect chickens with recently incubated eggs 
from the robin gapeworm were unsuccessful. 

3. Earthworms {Eisenia joetida) fed incubated eggs of the robin 
gapeworm produced an infection in one of six chickens. 

4. Eggs of the robin gapeworm kept in cold storage for six months, 
then incubated and fed in large numbers resulted in infections in two of 
six chickens. 

5. Cross-infection experiments, therefore, confirm the identity of the 
robin and chicken gapeworms. However, because of the difficulty of 
cross-infection it is by no means certain that such transfers occur in 
'nature. 
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THE INTESTINAL PHASE OF THE RESISTANCE OF 
RABBITS TO THE LARVAE OF 
TAENIA PISIFORMIS 


A. Byron Leonakjd AND Alice E. Leonard 
Department o£ Zoology, The University of Kansas'*' 

In a previous report, the senior author (Leonard, 1940) presented 
data to show that in the case of infections with the larvae of T. pisijormis 
in the albino rabbit, an intense and accelerated tissue reaction results in 
the death of most of the parasites that succeed in reaching that organ. 
However, in immune animals, relatively few of the onchospheres fed 
actually reach the liver, judging from the number of typical cysticercal 
lesions which may be observed there following infection. There is a pos- 
sibility that the larvae are destroyed in the tissues of the liver before they 
have time to produce an observable lesion, but the known facts suggest 
the hypothesis that the intestine, or intestinal wall of immune animals 
becomes a serious barrier to the migration of the onchospheres from the 
intestine to the liver. In order to test this hypothesis, the following 
experiment was devised. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Ova of T. pisijormis were freed from the ripe proglottids and im- 
mersed in Tyrode’s solution, to which had been added 1.0 fo trypsin, 
0.5% dog bile by volume, and calcium carbonate to adjust the reaction to 
approximately pH 7.3. The ova hatched readily in this solution at 37 
degrees C, and could be separated from most of the debris of the embryo- 
phore by gentle centrifugation. This method is similar to that used by 
Bullock et al (1934) in studies with T. taeniajormis. 

Although Solomon (1934) reported that larvae of T. pisijormis ‘'after 
being swallowed by the rabbit migrate from the stomach . . our find- 
ings fail to confirm this view. We have made repeated attempts to hatch 
the larvae in artificial gastric juice without success, even though a wide 
range of variations in the concentrations of both the enzyme and the acid 
was used. Onchospheres placed directly in the duodenum of the rabbit 
by operation hatched quickly, but our studies on this phase of the problem 
are as yet incomplete, and we are unable to state whether or not penetra- 
tion occurs at the same level of the gut as hatching. 

Ten normal albino rabbits were operated under ether anesthesia, and 
approximately 2000 artificially hatched onchospheres were injected into 
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a branch of the portal vein. At the same time, five rabbits were selected 
from the original lot of fifteen as controls, and each was given 2000 Taenia 
ova per os. Rabbits of both groups were killed on the seventh day 
following this procedure, and the livers were preserved for study. 

Fifteen rabbits similar in age and weight to the first group were 
passively immunized by the intravenous administration of 5 cc of immune 
serum per kilo of body weight. Twenty~f our hours later, ten of these 
animals w^ere operated, and each received 2000 hatched onchospheres via 
the mesenteric vein. The remaining five animals of this group were set 
aside as controls, and each was given 2000 Taenia ova per os. These 
fifteen animals were likewise sacrificed on the seventh day following 
infection, and livers preserved for study. 

In the case of the normal animals, infection directly in the portal cir- 
culation by means of the hatched onchospheres was somewhat more suc- 
cessful than infection by the natural route. The number of cysticercal 
lesions observed on the livers of the ten operated animals varied from a 
minimum of 1167 lesions to a maximum of 1400 lesions, with an average 
number of approximately 1272 lesions per liver. In the control group 
w4iich was infected by the natural route, the number of lesions varied 
around an average number of 956 lesions per liver, with a minimum of 788 
lesions, and a maximum of 1108 lesions. The results obtained from the 


^ The average iiumber of lesions per liver in the case of the immunized 
animals that were infected via the mesenteric vein was slightly higher than 
in the case of non-immune animals similarly treated, but the difference is 
not significant when statistical atialysis is applied to the figures. In 
these rabbits, the number of lesions varied from a minimum of 1190 lesions 
to a maximum of 1460 lesions, with an average number of approximately 
1339 per liver. How^ever, in the controls on this group, which were in- 
fected pel os, the number of lesions observed on the livers was p-re?itlv 


Onchospheres viu 
mesenteric vein 

Controls ; 
ova per os 

Animal 

Number of 
lesions 

Animal 

Number of 
lesions 

233 

234 ^ ■ 
■235 

236 

237 

238 

239 

240 

241 

242 ■ 

Average 

1230 

1167 

1256 

1301 

1280 

1244 

1260 

1400 

1384 
i 1211 

t 1273'- . 

243' ' ■ 

244 

245 

246 

247 

Average 

1007 

878 

998 

1108 

788 

956 

1 
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reduced; the average number was only 39 lesions 
mum of 30 lesions^ and a maximum of 47 lesions, 
the immune animals are summarized in Table 2. 


per liver, with a mini“ 
Results obtained from 


Table 2. — The number of liver lesions produced m immune rabbits by inoculat- 
ing into the mesenteric vein 2000 artificially hatched onchospheres of T. pisiformis, 
contrasted with controls administered 2000 T; pisiformis ova per os 


Oncliospheres via 
mesenteric vein 

Controls ; 
ova per os 

Animal 

Number of 
lesions 

Animal 

Number of 
lesions 

3S7 

1460 

397 

34 

3S8 

1288 

398 

47 

389 

1348 

399 

42 

390 

1401 

400 

30 

391 

1254' 

401 

43 

392 

1397 , 

Average 

39 

393 

1305 



394 

1387 



395 

1190 



396 

1366 



Average 

1339 




DISCUSSION 

At present, we have no data concerning the actual mechanism of the 
resistance factor which prevents the appearance of the great majority of 
the larvae in the livers of immune animals. It is not impossible, but it 
is improbable that the larvae are killed in the lumen of the intestine. 

Chandler (1935) showed that parasites in the lumen of the intestine which 
feed on the mucosa are not killed, but do have their nutrition interfered 
with so that they cannot grow and develop properly. Our studies indi- 
cate very rapid penetration of the intestine, which would make it im- 
probable that the larvae feed until after invasion of the tissues. Therefore, f 

the destruction of the larvae probably takes place after penetration of the ; 

mucosa, where death is due to some sort of tissue reaction. A further in- 
dication of this is the fact that Chandler (1936) showed that parenteral 
immunity extends to the walls of the intestine. Campbell (1936, 1938a, 

1938b) showed that there are two types of immunity developed against 

the cysticerci of T. taeniaformis in rats and T. pisifotinis in rabbits ; an 

‘'early’’ form which brings about destruction of the parasites before 

encystment, and a "late” immune reaction which causes them to die after 

encystment. The antibodies causing "early” immunity are absorbable i 

with fresh worm antigen and are stimulated by artificial immunization. 

The antibodies causing "late” immunity are not absorbable with fresh i 

worm antigen, and do not follow artificial immunization. The "late 

immunity” antibodies are probably formed in response to some metabolic 

products of the growing worms and are comparable with the antibodies 

that interfere with the nutrition of Nippostrongylus, and which form s 

precipitates about the mouth, anus, and excretory pore of the larvae of 

this worm (Sarles and Taliaferro, 1936). The destruction of the larvae 
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in these experiments before their encystment in the liver would seem to 
be due to '‘early immunity^’ antibodies described by Campbell, while the 
inhibition of growth and eventual death of the larvae after encystment are 
undoubtedly due to this author’s "late immunity” antibodies. 

SUMMARY 

From the data presented, the following conclusions may be drawn : 

1. In normal animals, the intestinal tract may possibly be a slight 
barrier to the migration of T. pisiformis larvae, since a greater average 
number of lesions was observed on the liver of animals infected via the 
portal circulation than in animals which were infected per os. However, 
this apparent natural resistance is probably not of great significance, 
since the loss of many ova may be accounted for by purely mechanical 
factors, such as intestinal peristalsis. 

2. In the case of immunized rabbits, the intestinal tract is in some 
way a formidable barrier to the migration of T. pisiformis larvae, a 
conclusion which is supported by the significant difference between the 
average number of 1339 cysticercal lesions per liver in the case of animals 
infected via the portal circulation, and average number of 39 lesions per 
liver in the case of animals infected per os. 

3. The resistance of immunized rabbits to infection with the larvae of 
r. pisifof'mis exists in two well-defined phases ; an intestinal phase which 
is very significant, and a parenteral phase which disposes of most of the 
larvae that succeed in passing the intestinal barrier. 
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BLOOD PARASITES OF BIRDS OF THE DISTRICT OF 
COLUMBIA AND PATUXENT RESEARCH 
REFUGE VICINITY 



Psyche W. Wetmore* 

Bacteriologist, Disease Investigations, Fish and Wildlife Service, 

U. S. Department of the Interior 

Recently a number of surveys of blood parasites of birds have been 
made in different parts of this country by different workers, the general 
purpose of which was to further the knowledge of the distribution and 
pathogenicity of these protozoa. This paper treats the distribution of 
parasites found in sampling miscellaneous birds of the District of Co- 
lumbia and vicinity and contains a preliminary repoi't on the more impor- 
tant phase of the problem of pathogenicity. 

METHODS 

The work herein discussed was begun in the summer of 1938 inci- 
dental to a study of the cellular elements of avian blood and the data 
presented do not cover the entire bird population of the area. Had the 
bird traps been set near our laboratory in the city instead of in the 
suburbs, the catch would doubtless have resulted in fewer grackles and 
more starlings, which would probably have changed the total parasite 
count, since the numbers of parasites found in these two species differ so 
markedly. The game birds were bred on game farms in the vicinity and 
the ducks were taken from refuges not far away. Most of the smaller 
birds were trapped and released as soon as they were bled from the wing 
vein. A few of the birds were sick and sent in for diagnosis, and a few 
died in captivity. 

Diagnosis was made from peripheral blood smears from live birds, 
except in a few cases where death of the bird made tissue smears avail- 
able. The dried blood films and tissue smears were stained with Wright’s 
stain, and examined for at least 20 minutes under oil immersion lens 
before they were declared negative for parasites. 

Hybrid species of birds were not noted. This may account for the 
large number of purple grackles, some of which may have been crossed 
with bronze. The latter species occurs in this locality late in summer. 
Doubtful species of grackles were classed with the purple. More than 
75 per cent of the birds were taken in the summer months. 

Received for publication, August 13, 1940. 

The writer wishes to express appreciation to Mr. Royal N. Stewart of the 
Fish and Wildlife Service for most of the trapped birds. 
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RESULTS 

A total of 618 birds, coiiipiising 23 families and 53 species, was ex- 
amined. Of these, 188 were parasitized with from one to five types of 
parasites, a total of 268 infections in all birds. The parasites identified 
were Leucocytosoon, Haemoproteus, Plasmodium, Toxoplasma, Try- 
panosoma, and microfilaria. Table 1 shows the distribution of these 
parasites based on a study of the morphology in the blood films, 

DISCUSSION 

No attempt was made to assign the parasites to species except in a 
few cases where sufficient garnet ocytes were found to permit average 
measurements and comparison with described species. For the most 
part, the infections were very light. The heaviest appear to have been in 
the brown thrashers and in a barred owl. The latter bird carried five 
distinct species of blood protozoa. One blue bird brought in sick from 
Beltsville had four species of blood parasites. Nine grackles, including 
one in juvenile plumage, showed triple infections, and the remaining 
birds had double or single infections. Of 20 young grackles, 12 were 
infected, nine of the 12 were infected with leucocytozoa. 

One each of the following species was examined but found negative 
for blood parasites: Cooper hawk, red-shouldered hawk, downy wood- 
pecker, red-headed woodpecker, yellow-breasted chat, song sparrow 
and meadow lark. Ten ringnecked pheasants were also negative as were 
five black vultures, three mocking birds, two sparrow hawks, two chim- 
ney swifts, two olive-sided fly catchers and two tufted titmice. 

Plasmodium 

Of the 53 Plasmodium infections herein reported, 15 were of unde- 
termined type. In this group were placed those that showed only a few 
trophozoites which might have belonged to one of several species. It is 
not impossible that a few of them may have been Haemoproteus infec- 
tions. Chronic cases of avian malaria, like human malaria, are some- 
times impossible to detect by peripheral blood smears, especially in those 
species in which the parasite level is extremely low after the crisis is past, 
as in P. cathemerium and P. circumflexum. If a bird carries an infec- 
tion for life, as is believed, chronic cases would be met with more often 
than acute ones in a general survey. To determine more accurately the 
extent of avian malaria in nature, blood inoculations should be made 
from the questionable bird into canaries, or better into clean birds of the 
same species as the host. Since this method was used in only five cases 
in this survey, these figures for Plasmodium infections represent only 
an estimate of the probable infection in this number of birds. One P. 
elongatum infection in a screech owl and one grackle Plasmodium were 
transmitted to canaries. 
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Of the 15 undetermined species of Plasmodium, five were in the 
grackles. Two of these appeared to be of similar type and different from 
any described species. An attempt to transmit one of these by blood and 
tissue inoculations resulted in an atypical infection, which is still under 
study in our laboratory. A total of 21 test birds — 10 quail, 4 mallards, 
4 pigeons, and 3 grackles — was used before a positive result could be 
obtained. These negative results may be due less to host specificity of 
the parasite than to the relative natural immunity to any Plasmodium of 
the species of birds selected for the experiment. Manwell and Herman 
(1935), however, also reported unsatisfactory results in estimating the 
Plasmodium infections in grackles, using a canary and an English spar- 
row for recipients of infected blood. 

Plasmodium elongatum in the Bobwhite Quail (Colinus virginianus 

virginianus) 

One quail not more than six months old was found to have a Plas- 
modium infection shortly after it was brought to the laboratory from 
nearby Maryland. Nine others brought in at the same time from the 
same place showed no parasites. There w^as no protozoan infection in 
the laboratory prior to this. Furthermore, it was in winter when mos- 
quitoes are not active. The infection was discovered in December and 
continued for one month, after which no parasites could be found in the 
peripheral blood. Transmission tests to two canaries one year later, 
using 0.2 cc citrated blood intramuscularly gave negative results. Since 
birds are known to recover from this species of Plasmodium, this was 
considered to be a case of natural recovery. 

The gametocytes of this quail Plasmodium differ slightly from the 
original description of P. elongatum Huff. Wolfson (1939) has demon- 
strated the gametocyte variation in a strain of P. relictum in the unnat- 
ural host, the duck, which variation has also been observed by the writer 
in a grouse Plasmodium when studied in quail and canaries. The inner 
margins of the gametocytes of this quail Plasmodium are often irregular, 
the ends sometimes appear to be square instead of round and they do not 
extend from one apex of the cell to the other. They do tend to bend 
around the host cell nucleus at one pole only, and sometimes increase the 
size of the host cell along the longitudinal axis. Trophozoites occupying 
a polar position are frequently found in immature red blood cells. These 
forms and adult gametocytes w^ere fairly numerous in the blood slides, 
but segmenting forms were not found. These characteristics are the cri- 
teria for designating this psimsite, Plasmodium elongatum Huff. At- 
tempts to infect three quail with P. elongatum by blood inoculations from 
two screech owls proved unsuccessful. The injection of sporozoites 
from these owl infections might have given positive results, however, 
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since the quail herein reported must have received its infection in this 
manner. Dr. E. Allen (1931) reported finding Plasmodm'in in a group 
of quail from Georgia. praecox is believed to be the causal organism 
of malaria in these birds since the gametocyte is elongate and partially 
surrounds the nucleus of the red ceil.” Dr. Allen, in a recent conversa- 
tion with the writer, is of the opinion she also had a P. elongatum infec- 
tion since she was doubtless using the nomenclature of Hartman (1927). 

Haemoproteus 

The Haemoproteus may be divided as were the Plasniodiiifn, on the 
basis of the shape of the gametocyte, into three groups: (a) those that 
surround the host cell nucleus and fill the host cell cytoplasm, i.e., the 
H. danielewsky type; (b) those that grow on one side of the cell and 
displace the host cell nucleus, i.e., the Jf. columbae type; and (c) those 
that grow on one side of the host cell nucleus causing little or no hyper- 
trophy of the cell and no displacement of the nucleus, i.e., H. lophortyx. 
Obviously this is an unsatisfactory method of classification since there is 
much variation between parasites of different ages, even in the same 
species. Mixed infections may be missed. 

Of the 90 Haemoproteus infections found in this study, six were of 
the H. danielezvsky type, while the remainder was about evenly divided 
between ff. columbae type, and H. lophortyx type. Twenty-one of the 
22 cases in grackles were of the latter type, while 16 of the 19 infections 
in mallards were of the Pf. columbae type, with two H. danielezvsky, and 
one FI. lophortyx type. 

Three of the brown thrashers had sufficiently heavy infections to 
enable satisfactory measurement of the parasites and to identify them as 
belonging to H. beckeri species. Two mourning doves infected with H. 
sacharovi also had a few gametocytes that completely surround the host 
cell nucleus as well as a round type leucocytozoon infection which will 
be discussed later. 

Haemoproteus of the Mallard (^Anas platyrhynchos platyrhynchos) 

Haemoproteus sp. has been described from the black cluck by Her- 
man (1938), who stated that it was the first report of this genus from a 
North American duck. The mallards from the vicinity of Washington 
are found to have three types of HaemoproteMSL t\\t most frequent of 
which is the FI. columbae type. The parasites are usually numerous in 
the blood, and the incidence of infection varies from five out of nine 
parasitized in one sampling, to one in 12 infected the following summer. 

The measurements of these parasites are based on the average figures 
from five mallards, 25 microgametes and 25 macrogametes being counted. 
The gametocytes are usually in contact with the host cell periphery, but 
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often do not touch the host cell nucleus, though it may be displaced later- 
ally. The granules are large, black to brown, scattered in the macro- 
gamete and polar in the microgamete. 

The macrogametes stain deep blue with Wright’s stain, and measure 
12.6 to 16.1 microns in length and 2.6 to 4.9 microns in width, and aver- 
age 14.1 by 3.7 microns. The nucleus stains pink, is usually round but 
sometimes triangular in shape, and is located on the periphery of the 
parasite nearest the host cell periphery. It varies in size from 1.4 to 4.1 
microns at the widest part, and averages 2.8 microns. The granules 
number 8 to 26, the average being 17.6. The microgametes take very 
little stain, appearing hyaline to very light blue. They are 12.6 to 15.4 
microns in length, and 2.8 to 5.6 microns in width, and they average 
14.3 by 3.7 microns. The nucleus, when distinguishable, is a pale pink 
rectangle, centrally located. It averages 3.5 by 8.4 microns in size. The 
granules vary from 6 to 32 in number, and average 15.7 for the micro- 
gamete. 

This Haemoproteus differs from that described from the black duck 
in being shorter and not usually wide enough to fill the host cell on one „ ^ 

side. It also has a larger number of granules. It is similar in displacing 
the host cell nucleus. 

Haemoproteiis from the Turkey Vulture (Cathartes aura 
septentrionalis) 

S. T. Darling, working in the Canal Zone, in 1912, reported finding 
H, danielezvsky in a turkey buzzard Cathartes aura. He described it | ; 

briefly but did not measure the parasite. He stated that the pigment of 
the microgamete had a tendency to be collected discretely in each pole. ! ^ 

This does not read like a description of the true H. danielewsky, in 
which the ganietocytes surround the host cell nucleus and fill the host 
cell. The description was not accompanied by illustrations. The para- 
site found in tlie turkey vulture taken near Washington, D. C., differs 
somewhat from Darling’s description and is believed to be the first 
record oi Haemoproteus from turkey vultures in the United States. 

The parasites grow on one side of the host cell in close contact with 
the host cell periphery, not touching the host cell nucleus, but sometimes 
displacing it very slightly. They are frequently vacuolated. The macro- 
gametes measure 13.3 to 15.7 microns in length and 3.1 to 4.2 microns in 
width ; they average 14.3 by 3.8 microns. The nucleus is usually oval, 
centrally located, and may be either near the outer margin of the host 
cell or near the host cell nucleus. It averages 3 microns in size at widest 
part and stains pink. The macrogametes stain deep blue. The granules, 
varying in size from fine dots to large bacelloid structures, are scattered 
throughout the cytoplasm and vary in number from 8 to 38, with an ‘ 
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average of 27. The microgametes stain very lightly. The average mea- 
surements are 14.4 by 4.2 microns, varying from 13.3 to 16.1 microns 
in length and 3.3 to 4.4 microns in width. The nucleus is rarely appar- 
ent. The granules average 21 in number and are also scattered. 

Haemoproteus from the Bobwhite Quail (Colinus virgmianiis 
virginiamis) 

Haemoprotetts was found in the tissues of one bobwhite quail after 
death. Because the gametocytes of this genus of protozoa are known 
to round up preparatory to fertilization as soon as the blood cools, little 
can be said regarding morphology of this species. A number of forms 
which seemed little distorted were found to bear some resemblance to 
H. lophortyx of the valley quail. The host cell nucleus was displaced 
slightly but not to the extent of that of H. columbae. The parasite was 
usually in close contact with the host cell periphery, but seldom in con- 
tact with the host nucleus. One end was often broader than the other, 
the nucleus was oval, centrally located, and the scattered granules varied 
in number from 7 to 20. This is believed to be the first record of the 
genus Haemoproteus in bobwhite quail. 

Haemoproteus of the Purple Crackle (Quiscahts quisctila quisciila) 

Twenty purple grackles were found to harbor very light infections of 
the PL lophortyx type. Coatney and West (1938) have described and 
illustrated a Haemoproteus from the bronzed grackle from the vicinity 
of Peru, Nebraska, which they named H. quiscalus 2Xii classed as the 
H. columbae type. This parasite in the purple grackle displaces the host 
cell nucleus very little, in some cases not at all; it is somewhat smaller 
than H. quiscalus and exhibits little tendency to curve about the nucleus 
of the host cell. Since in the District of Columbia and vicinity bronzed 
and purple grackles, as well as hybrids, are found in the same flocks late 
in summer, it would not be surprising to find them carrying the same 
species of parasites. Five of these infections were found in birds in 
juvenile plumage early in the summer before the bronzed grackle had 
arrived. The gametocytes varied in length from 11.2 to 15.4 microns, 
and in width from 2.0 to 3.8 microns, and usually filled the host cell on 
one side. The nucleus of the macrogamete is characteristically located 
near one end of the parasite near the host cell periphery. The micro- 
gamete nucleus is centrally placed and diffuse. Sometimes the central 
vacuole described by Coatney and West for the macrogamete could be 
found. The granules were large, bacelloid, and varied from 6 to 12 
in number. Although these linear dimensions are short compared with 
those gwm Tor H. quiscalus oi the bronzed grackle, the close relation- 
ship of the hosts taxonomically being considered, these parasites in the 
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purple grackle are sufficiently like those described by Coatney and West 
to call them H. quiscalus Coatney and West. 

Leiicocytozoon 

The basis for classification of the Leiicocytozoon is the change in the 
morphology wrought by the parasite on the host cell, rather than the 
morpholog}^ of the parasite itself. Generally birds of the large orders 
are parasitized by the type of Leucocytosoon w^hich produces fusiform 
or spindle shaped host cells, while the smaller birds are infected with the 
round host cell type. Mixed infections are encountered in the larger 
orders. Of the 79 Leiicocytosoon infections reported herein seven of 
them are of the fusiform type. Three of the seven infections are mixed 
with round forms also. One young screech owl, one barred owl, and one 
pintail were so infected. The long forms in the screech owl were some- 
what different from those in the duck and barred owl in having a bar of 
host nuclear material on either side of the parasite. The Leitcocytosoon 
in the purple martin was different from the other 61 round forms in 
passerine birds in being more oval in form and causing less distortion 
of the host cell, neither spindle forms nor round forms being present. 
Being (1925) illustrates similar forms in the partridge (Rebhuhn) 
(Figs. 11, 12 and 13, Plate I) and considers them to be developmental 
stages in the fusiform type. Giovannola (1936) shows a similar form 
in a microphotograph (Fig. 12, Plate XII) from a green linnet (Cocco- 
thrausfes vulgaris) and considers it a new species. This infection in the 
purple martin was very light and though search w^as made for some indi- 
cation that it might belong to the fusiform type none was found. 

Leucocytosoon of the Purple Grackle {Quiscalus qiiiscula quiscula) 

Forty-two of 90 grackles examined were infected with leucocytozoa, 
which produced more or less round gametocytes in a round host cell. 
The host nuclei varied in shape from a small triangular, dark-purple 
body, which looked like a wedge in the parasite, to a band that extended 
almost around the entire circumference of the parasite. In rare cases the 
host cytoplasm clung in patches around the nucleus and stained much 
paler than normal. The macrogametes stained bright blue and varied in 
size from round bodies about 9.8 microns in diameter to irregular ovals 
12.6 by 11,2 microns. The smaller forms were more nearly spherical 
than the larger (possibly older) forms. The oval nucleus stained pink 
in varying degrees of intensity, sometimes appearing to have no stain at 
all. It was located at any place in the parasite, usually from the central 
to outer margin of the parasite away from the host cell nucleus. In less 
than one-fourth of the parasites a bright-red-staining karyosome could 
be demonstrated on the periphery of the nucleus, sometimes just outside, 
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sometimes just inside, its border. In some instances also there was a 
single vacuole near the border of the nucleus, as well as numerous 
vacuoles over the parasite. The microgametes averaged 12 by 8.8 
microns and stained very light blue. The pale pink nucleus was often 
so indistinct as to make measurements impossible. In some cases it 
almost filled the parasite. The size was approximately 5.6 to 12 microns. 
In some microgametes a series of vacuoles was observed on the edge of 
the parasite inside the host nucleus cap. These vacuoles varied in num- 
ber from 2 to 8 and were of various sizes. 

Leucocytozoon of the Barred Owl {Strix varia varia) 

As is shown in Table 1, this was a case of a double infection with 
leucocytozoa, both round and fusiform host cell types being present in 
small numbers. The fusiform type in the barred owl is similar to the 
figures of L, ziemanni of the little owl Athena noctua after Reiclienow 
in Wenyon’s Protozoology. The host cells drawn out to gently tapering 
ends average 40.6 microns in length, varying from 33.6 to 46.2 microns. 
The host cell nucleus was a thin red band curving about half of the oval 
parasite and varied in length from 22.4 to 25.2 microns. The micro- 
gametes average 20.3 microns in length and 5.6 microns in wndth, and had 
a large indistinct, pale central nucleus that filled a large part of the body 
of the light-blue parasite. The macrogamete stained deep blue, was 
somewhat wider than the microgamete, and had a smaller nucleus. It 
averaged 22.2 microns in length and 8.4 microns in width. No karyo- 
some could be seen. 

Leucocytozoon of the Mourning Dove (Zenaidura macroitra 
carolinensis) 

Two mourning doves were found with double infections of round 
type Lencocytozoon and Haemoprotens sacharovi. Novy and MacNeal 
(1905) describe the mature gametocytes of the latter as spherical, and 
suggest that this species oi Haemopro tens was first observed by Sacha- 
roff who regarded it as a Lencocytozoon. The round gametocytes of 
these mourning doves were found to lack pigment granules, and the host 
cell nucleus curved about the parasite, points which dififerentiate this 
from the genus Haemopro tens. Furthermore, one of these doves was 
kept under observation for one month during which time blood slides 
were made at intervals. The Haemoprotens disappeared for days at a 
time while gametocytes oi Leucocyte zo on covX^ ho. iouvid. in varying 
stages of growth at almost every examination. The Lencocytozoon in 
the mourning doves appear to be the same as the species described for 
the purple grackle and other birds of the Order Passeriformes. This is 
believed to be the first record of Lencocytozoon from North American 
COLUMBIDAE. 
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LeiicocytoBoon of the Turkey Vulture (Cathartes aura septentrionalis) 

Leiicocytopjoon of the round host type were found in two turkey buz- 
zards. In one bird the parasites were very scarce and showed pressure 
from the surrounding cells, a characteristic not observed in the passerine 
birds. However, the size appeared to be greater than the leucocytozoa 
of the smaller birds. Macrogametes from the second vulture so infected 
measured 16.8 jj in length and 11.2 p in width, somewhat larger than 
similar species in the purple grackle. The cytoplasm of these parasites 
had tile same granular structure, a karyosome could sometimes be demon- 
strated, and the host cell nucleus formed a cap on one side of the parasite 
or extended half way around it. 

Toxoplasma 

For some years workers have been observing avian species of Toxo- 
plasma^ rarely in the peripheral blood, more often in the internal organs, 
recognizable by characteristic morphology in the monocytes and lympho- 
cytes as a single oval, blue-staining body, with a red granular nucleus, 
tying within a notch in the host cell nucleus. In the internal organs, 
where reproduction is said to take place by binary fission, a mass of 
dividing forms resembles schizonts of plasmodium. Because these para- 
sites are so similar to some forms of the recently recognized exoerythro- 
cytic stages of some of the avian malarias, they are being intensively 
studied at present by a number of workers, and it is hoped that their 
taxonomic position may be clarified thereby. 

The nine cases reported in this survey were diagnosed from peidph- 
eral blood smears alone, and no dividing forms were found. Toxo- 
plasma found in the purple grackles were similar to Marullaz’s (1913) 
Fig. 1, p. 325, oi Toxoplasma amum, to Fig. 13, plate 3, of Manwell’s 
(1939) Toxoplasma, in a canary and appear to be the same as Type II 
Toxoplasma of Wolfson (1940). The parasites were rare in the blood 
smears, and in view of the fact that they may have some relation to other 
protozoa, it is of interest to note their occurrence with other parasites. 
Of the nine cases herein reported, all except one in the English sparrow^ 
were associated with some other type of blood parasite. A Toxoplasma 
infection occurred in a catbird that was also infected with Haemoproteus. 
Of seven grackle infections with Toxoplasma, tsso were associated with 
Le%tcocyto 20 on only, one with Haemoproteus only, three with Leuco- 
cyfosioon and PI a sm o ddum ^nd one with Leucocyfos^oon and Haemo pro- 
feus. 

Trypanosoma 

Species of avian trypanosomes have been named on morphological 
grounds, although they are known to be pleomorphic, and it is not known 
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how many species of birds a single type of tiypanosome may infect. 
These parasites are usuall}?’ difficult to demonstrate in the peripheral 
blood smears, but bone marrow smears and culture methods will yield 
a higher incidence of infection. Packchanian (1939) states that in his 
culture studies of wild birds the percentage of trypanosomiasis is 80 to 
82. Five infections report herein from 615 birds examined demon- 
strate the inferiority of dried blood films for diagnosing this infection in 
birds. 

The trypanosomes found in two purple grackles and a bronze grackle 
appeared to be the same kind as T, ofuium, having myonemes, a rather 
wide undulating membrane, and short flagella. The average length of 
four forms without the flagellum was 35 microns and the width 7.3 
microns. The oval pink-staining nucleus averaged 4.2 by 5.6 microns. 
The trypanosomes of the barred owl and the blue bird were too poorly 
stained to justify description. They appeared to have three or four 
undulations in the membrane and were without myonemes. 

Microfilaria 

These parasites were found in the blood stream of approximately five 
per cent of the birds examined. Little is known of the pathogenicity of 
the avian types. They have been observed in large numbers at autopsy, 
but what their relation to the cause of death may be is not known. Be- 
cause some are periodic in appearance in the blood stream, the presence 
of a large number in a bird may be regarded as a periodic ''shower” of 
these larvae. Thirty-two microfilarial infections were observed in 14 
species of birds. All five species of ducks were hosts for this parasite. 
In five cases a careful search for the adult worm was made but none was 
found. Diplotriaena sp. are common filariae of crows, thrushes, and 
grackles, according to Dr. E. E. Wehr of the U. S. Bureau of Animal 
Industr}'. Filaria have also been described from ^^Turdus sp.,” from 
ducks, from blue birds and cow birds. Further search may reveal nema- 
todes in all these species of birds wdiich show microfilaria. 

A few characteristics of some of the forms found are recorded in 
Table 2. A single mallard harbored what is believed to be a double 
infection. The size range of the two types overlapped somewhat, but 
the longer forms were wavy, even curled, and were blunt at both extremi- 
ties. The shorter forms were straight, pointed at the posterior, and 
had a large vacuole near the posterior end. The latter type, also, has 
been observed more commonly in mallards from other localities. A 
single robin found dead on the Refuge carried two sizes of microfilaria. 
The shorter forms were very rare in the lung and heart smears; the 
longer forms fairly numerous. 

Purple grackles were found to harbor two types of microfilaria, the 
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more common one being unsheathed and blunt at both ends. One 
grackie had a few posterior pointed forms as well as some with visible 
cross striatioiis. 

SUMMARY 

Blood parasites were found in 30 per cent of the 618 birds examined. 
A total of 268 infections, representing six genera of parasites, was 
found. 

Flaemoproteiis, most commonly observed, was found in approxi- 
matel}' 15 per cent of the birds examined. The following new hosts are 
named for this genus : Broad-winged hawk (Buteo p. platypterus) , red- 
tailed hawk {But CO borealis borealis), bobwhite quail {Cormus v. vir- 
ghiiamis), whistling swan {Cygnits colitmLianiis) , C^na.dK go 
(Brania canadensis canadensis) , and hermit thrush (Hylocichla guttata 
jaxoni), 

Leiicocytozoon occurred in approximately 13 per cent of the birds 
examined. The following new hosts are recorded for the round type: 
Turkey vulture {Cathartes aura septentrionalis) , barred owl (Strix v. 
varia), purple grackie (Quiscahts q, quiscula), fox sparrow (Passer ella 
i. Ulaca), cardinal (Richmondena c. cardinalis) , mourning dove (Zenai- 
dura macroura carolinensis) , and purple martin (Progne s. snbis) . 

Plasmodia were found in 8 per cent of the birds examined. These 
new hosts are reported: Red-bellied woodpecker (Cenktrus carolimis) , 
fox sparrow (Passer ella i, iliaca), B.nd scarlet tanager (Piranga eryfhro- 
ntelas). 

Toxoplasma were found in one per cent of the birds examined/and 
one new host — ^purple grackie (Qiiiscalus q. quiscula) — was recorded. 

Trypanosoma were found in 0.8 per cent of the birds. The purple 
grackie (Qiiiscalus q. quiscula) and the barred owl (Strix v, varia) are 
named as new hosts for these parasites. 

Microhiaria were found in 5 per cent of the birds. New hosts are : 
Turkey vulture (Cathartes aura septentrionalis), set otdi. owl (Otus 
asio naeviiis), catbird (Dmnetella carolinensis) , hermit thrush (Hylo- 
cichla guttata jaxoni), and robin (Turdus m. migratorius) . 
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NEW GENERA AND SPECIES OF THE FAMILY MONOR-- 
CHIIDAE (TREMATODA), WITH A DISCUSSION 
OF THE EXCRETORY SYSTEM 


Sewell H. Hopkins* 

A. and M. College of Texas 

Monorchiidae wei'e frequently encouiitei'ed during a study of the 
Trematoda of marine fishes of Beaufort, N. C., in the summer of 1939. 
Most of the species found were obviously different from any previously 
named, but similar to unnamed species described and figured by Linton 
(1905). Although it was originally planned to describe only the excre- 
tory systems of the known species of Beaufort trematodes, it seems neces- 
sary first to name four new species and two new genera of monorchiids. 
All specimens were first studied alive in diluted sea water and then killed 
in heated Gilson^s fluid ; later the preserved specimens were mounted in 
gum damar. Drawings were made of all species, both from living speci- 
mens and from whole mounts. The monorchiids studied all belong to 
three genera ; one of these, Genolopa, is an old genus and the other two 
are described for the first time in this paper. 

Diplomonorchis n, g. 

Monorchiidae with undivided pouch-like excretory bladder; two testes, sym- 
metrically or obliquely located on sides of body; ovary trilobate, on right side of 
median line, anterior to level of testes or between them ; • vitellaria at level of testes 
with some follicles extending anterior and posterior to testes ; uterus coiling between 
testes and along sides of body anterior and posterior to testes ; genital pore median 
ventral, between crural fork and ventral sucker ; cirrus and distal part of metraterm 
armed with spines. Flame cell formula 2[(2 + 2) + (2 + 2)]. Parasites in intestine 
of sea fishes. 

Type species, Diplomonorchis leiostomi n. sp. 



Diplomonorchis leiostomi n. sp. 

(Figs. 1, 2, 3a) 

With characters of the genus. Length 0.40 to 0.80 mm, average about 0.60 mm. 
Width 0.25 to 0.45 mm, average about 0.35 mm. Oral sucker spherical, 0.06 to 0.09 
mm in diameter, average dimensions about 0.08 by 0.08 mm. Ventral sucker in 
middle third of body, much smaller than oral sucker, 0.04 to 0.06 mm by 0.04 to 0.06 
mm, (Average 0.05 by 0.045.) Pharynx nearly spherical, about 0.04 by 0.04 mm. 
Esophagus usually shorter than pharynx. Intestinal crura reaching far behind 
testes, nearly to posterior end of body. Excretory bladder pouch-shaped, tapering 
to a very narrow anterior end reaching to level of ovary. Collecting tubes joining 
anterior end of bladder on each side, dividing at level of ventral sucker ; flame cell 
formula 21(2 + 2) + (2 + 2) ]. Testes two, symmetrical or somewhat oblique, on 
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sides of body lateral to intestinal crura ; level of testes about half-way between 
ventral sucker and posterior end Ovary ventral and median to right intestinal 
cecum, partly anterior to level of testes and partly between them, divided into three 
distinct lobes. Vitellaria at level of testes and extending anterior and posterior to 
testes, dorsal to intestinal crura, consisting of a group of eight to ten follicles on each 
side. Uterus coiling along sides of body anterior and posterior to testes, and also 
filling most of intercrural space behind level of ventral sucker. Eggs thick-shelled, 
yellow-brown, 28 to 30 p long and 17 to 20 p wide in living specimens and 22 to 27 p 
by 14 to 18 p in whole mounts (See Fig. 3a). Genital pore median, just behind level 
of crural fork. Cirrus pouch one-fourth to one-third length of body, enclosing short 
nearly spherical seminal vesicle, narrow tubular pars prostatica, numerous large 
prostate glands, and eversible cirrus, about one-third length of cirrus pouch, armed 
with many short spines shaped like rose thorns about 6 p long and 6 p wide. Metra- 
term pouch nearly as long as cin*us pouch, containing a sac-like proximal part and 
a distal part armed with spines which are like the cirrus spines in size and shape 
(See Figs. 9b, 9f). 

Host: Spot, Leiostomus xanthurus Lacepede, and also occasionally in pigfish, 
Orthopristis chrysopterus (Linnaeus). 

Location: Small intestine. 

Locality: Beaufort, N. C, 

Type specime^t: \J. S. Nat. Mus. Helm. Coll. No. 36777. 

This species is represented by 136 specimens collected during the 
summer of 1939; it was found in 10 of the 19 spot and in 2 of the 6 pig- 
fish examined. Diplomonorchis differs from Moiiorcheides (Odhner, 
1905) principally in the shape of the excretory bladder (undivided in- 
stead of Y-shaped) and also in the position of the vitellaria (in the poste- 
rior half of the body instead of anterior to the ventral sucker). The 
only other genera of the Monorchiidae with two testes are Physochoerus 
Poche, 1925, and Paramonorcheides Yamaguti, 1938, which like 
Monorcheides have vitellaria anterior to the ventral sucker. Manter 
(1940) describes the new species Paramonorcheides hivitellosus, remark- 
ing that '‘the long ceca and the posterior group of vitelline follicles of the 
present species might almost be of generic value.” Manter’s species must 
be transferred to Diplomonorchis; its name therefore becomes Diplo- 
monorchis hivitellosus (Manter, 1940). D, leiostomi differs from D. 
Uvitellosns by the smaller size of the ventral sucker (its diameter being 
little more than half that of the oral sucker, while in Manter’s species the 
suckers are nearly equal), the more rounded forms of the testes, and the 
much larger eggs (22 to 27 p long, compared with 19 to 20 p in 
D. hivitellosus) , 

Postmonorchis n. g. 

Monorchiidae with pouch-like undivided excretory bladder; loops o£ uterus 
mostly lateral to intestinal crura, not extending posterior to testis ; testis single, in 
posterior part of body; vitellaria between levels of ventral sucker and testis; intest- 
inal crura reaching nearly to posterior end of body; ovary on right side of median 
line ; Laurer s canal and small seminal receptacle present. Cirrus and distal portion 
of metraterm armed with spines ; uterus opening into the spiny distal part of metra- 
term pouch. Flame cell formula 2 [(2+2) + (2+2)]. Intestinal parasites of sea 
fishes. Type species, Posfmonorchis orthopristis n. sp. 
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P ostmonorchis orthopristis n, sp; 

(Figs. 7, 8, 3b) 

Length of unflattened whole mounts 0.35 to 0.75 mm, width 0.30 to 0.50 min, 
average dimensions about 0.62 by 0.38 mm. Cuticiila covered with very minute 
spines. Oral sucker almost spherical, much larger than ventral sucker ; oral sucker 
about 0.10 mm in diameter, slightly wider than long; ventral sucker about 0.05 to 
0.06 mm, usually nearly circular. Prepharynx shorter than pharynx. Pharynx 
elliptical, 0.045 to 0.050 by 0.040 to 0.045 mm. Esophagus usually shorter than 
pharynx. Intestinal crura reaching to posterior edge of testis, or nearly to posterior 
tip of body. Excretory bladder an undivided pouch reaching to level of transverse 
vitelline ducts. Collecting tubes entering anterior end of bladder on each side ; each 
collecting tube dividing at level of ventral sucker into an anterior and a posterior 
branch, each of which, by branching again, gives off two secondary branches with 2 
flame cells on each branch ; flame cell formula 2[(2 + 2) 4- (2 + 2)]. Testis single, 
usually in posterior third of body, median, wider than long, posterior margin with 
median notch. Ovary smaller than testis, margins entire or indented, on right side of 
median line just in front of testis. Laurer’s canal and small seminal receptacle 
present. Vitellaria consisting of two compact groups of about 8 follicles, on each 
side, close to dorsal surface, just anterior to level of testis; transverse vitelline 
ducts joining to form vitelline reservoir in median line at level of ovary. Uterus 
with very compact coils almost entirely in space between intestinal crura and lateral 
margins of body, never entering intercrural zone behind testis; eggs with thick 
yellow“brown shell, 18 to 20 p by 13 to 15 p in live specimens and about 17 by 12 p 
in whole mounts (See Fig. 3b). Genital pore median, close in front of ventral 
sucker. Cirrus pouch about one-third as long as body, enclosing seminal vesicle, 
very narrow pars prostatica, strongly developed prostate glands, and a short eversible 
cirrus armed with numerous narrow wedge-shaped spines (Fig. 9a) 10 p long and 
about 3 p wide. Metraterm pouch nearly as long as cirrus, containing a distal part 
lined with numerous slender wedge-shaped spines and a sac-like proximal part 
making up about three-fifths of its length. Uterus opening into spiny part of 
metraterm pouch either laterally or medially. 

Host: Pigfish, Orthopristis chrysopterus (L.) ; also spot, Leiostomus xanthurus 
Lacepede. 

Location: Intestine. 

Locality: Beaufort, N. C. 

Syntype specimens: U. S. Nat. Mus. Helm. Coll. No. 36778. 

This species is represented by 104 specimens from 5 of the 6 pigfish 
examined, and 2 specimens from 2 of the 19 spot examined. Post- 
monorchis differs from Geiiolopa, Paraprototrema, Prototrematoides, 
Bivesicula, Bivesiculoides, Telolecithus, and Asymphylodora in having 
most of the uterine folds outside of the intestinal ceca and none be- 
hind the testis; it differs from Monorcheides, Physochoerus, Para- 
monorcheides, and Diplomonorchis in having only a single testis; it 
differs from Asymphylodora in having the genital pore median instead 
of lateral, and it differs from Monorchis in having an undivided excre- 
tory bladder and vitellaria posterior to the venti’al sucker. The ''Mono- 
stomum sp.'’ of Linton (1905), described on p. 379 and shown in his 
Fig. 222, is apparently Postmonorchis orthopristis. 

There are now 13 genera in the family Monorchiidae : Monorchis 
Looss, 1902, Monorcheides Odhner, 1905, Asymphylodora Looss, 1899, 
Genolopa Linton, 1910 (syn. Proct.otrema Odhner, 1911), Physochoerus 
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Pochc, 1925, TelolecHkns Lloyd and Guberlet, 1932, Bivesicula Yama- 
guti, 1934, Paraproctotrema Yaniaguti, 1934, Proctotrematoides Yama- 
guti, 1938, Paramonorcheides Yaniaguti, 1938, Bivesicidoides Yaniaguti, 
1938, Diplomonorchis Hopkins, 1941, and Postmonorchis Hopkins, 1941. 
Two other genera, Lasiotocus Looss (in Odhner, 1911) and Pristisomum 
Looss (in Odhner, 1911), have been named but have never been de- 
scribed. The following key includes all the genera which have been 
described. 

Key to the Genera of Monorchiidae 


1 (4) Ventral sucker and blind metraterm pouch lacking; excretory bladder 

V-shaped 2 

2 (3) Uterus extending posterior to testis .Bivesicula 

3 (2) Uterus not extending posterior to testis .Bivesicidoides 

4 (1) Ventral sucker and blind metraterm pouch present; excretory bladder 

undivided or Y-shaped 5 

5 (6) Genital pore on margin of body, lateral to ventral sucker . .Asymphylodora 

6 (5) Genital pore median or nearly median, anterior to ventral sucker 7 

7 (14) Two testes present 8 

8 (13) \’’itellaria in anterior half of body, lateral or anterior to ventral sucker, 

not extending posterior to testes 9 

9 (12) Testes near middle of body, uterus filling body behind testes 10 

10 (11) Testes nearly spherical .Physochoerus 

11 (10) Testes longitudinally elongated, length more than twice width. 

Paramonorcheides 

12 (9) Testes in posterior third of body, uterus not extending behind testes. 

Honor cheides 

13 (8) Vitellaria mostly in posterior half of body, close to testes, with some 

follicles extending posterior to testes Diplomonorchis 

14 (7) Only one testis present .... 15 

15 (16) Vitellaria anterior to ventral sucker, excretory bladder Y-shaped with 

short stem and long furci Monorchis 

16 (15) Vitellaria not extending anterior to ventral sucker, excretory bladder an 

undivided pouch ...... 17 

17 (18) Vitellaria behind level of testis Telolecithus 

18 (17) Vitellaria anterior or lateral to testis 19 

19 (20) Testis in posterior end of body, uterus not looping posterior to testis. 


Postmonorchis 

20 (19) Testis some distance from posterior end, uterus filling body behind testis 21 

21 (22) Muscular bulb surrounding terminal part of uterus where it enters metra- 

term .Paraproctotrema 

22 (21) No muscular bulb surrounding distal part of uterus 23 

23 (24) Vitellaria in longitudinally elongated, almost linear arrangement, ovary 

smooth-margined ; a muscular spiny pouch opening into common genital 
atrium, separate from metraterm pouch .Proctotrematoides 

24 (23) Vitellaria in compact, more or less rounded groups ; ovary somewhat lobate 

in unflattened specimens ; no muscular spiny atrial pouch separate from 
metraterm pouch ..... Genolopa 


Two of the genera included in this key, Bivesicula Yamaguti, 1934 
and Bivesicidoides Yamaguti, 1938, probably should not be placed in 
the family Monorchiidae ; they are monostomes with distinctly V-shaped 
excretory bladders, and completely lack both the spiny cirrus and the 
blind metraterm pouch characteristic of all other genera which have been 
placed in this family. 
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The question of the probable synonymy of Proctotrema Odhner, 1911 
with Genolopa Linton, 1910 has been discussed by several authors, but 
no definite conclusion has been reached. Lloyd and Guberlet (1932) 
discuss this question at length, concluding that “without more detailed 
information concerning the morphology of the several species of Genolopa, 
especially as to the type of excretory system and the presence or absence 
of a seminal receptacle, any revision of the genus is, of course, impos- 
sible.” Yamaguti (1934) remarks, in discussing Proctotrema: “This 
genus is probably identical with Genolopa . . . because it seems almost 
certain that Linton overlooked the true acetabulum lying behind the 
genital pore. If, however, Linton is right on this point, then Odhner’s 
genus should remain valid.” Manter (1940, p. 407) comments: “It is 
probable that the genus Genolopa should be restricted to monorchids with 
a median cluster of much longer spines in the cirrus sac, a character of 
G. ampullae ea, the type species. Such a view, however, would remove 
most of the species now contained in the genus.” In a footnote on p. 402 
of the same publication, Manter says: “The removal of Genolopa truncata 
from the genus Genolopa leaves Genolopa ampullacea, the type species, 
still in the genus which is at least for the present recognized as distinct 
from ProctotremaP 

I have examined Linton’s type specimen of Genolopa ampullacea 
(U.S.N.M. Coll. No. 8525). This is a flattened specimen, well stained 
and quite adequate for study of all features that can be seen in a whole 
mount (See Fig. 4). There are two other specimens on the same slide; 
the larger of these is undoubtedly G. ampullacea, but the smaller specimen 
differs in several features and may possibly belong to a distinct species. 
The excretory bladder cannot be distinguished on any of these specimens. 
The type specimen agrees with Odhner’s (1911) descidption of the genus 
Proctotrema in every point except for the more rounded shape of the 
oral sucker, the non-lobate form of the ovary (which may be a result of 
flattening, since the ovary in other species with tri~lobate ovary is more 
rounded in flattened specimens), and the less elongate shape of the eggs 
in C. ampullacea. Since these are minor differences, and since other 
species completely cover the range of differences in even these character- 
istics, it is obvious that Proctotrema Odhner, 1911 is a synonym of 
Genolopa llnton, 1910. In spite of Manter’s statement, the spination of 
the ciiTUS in G. ampullacea Is in no way exceptional, and there is no 
“median cluster of much longer spines in the cirrus sac” in the type 
specimen. Proctotrema hacilliovatum therefore becomes Genolopa bacil- 
liovatum (Odhner, 1911), P. lintoni becomes Genolopa lintoni (Manter, 
1931), P. plectorhynchi becomes Genolopa plectorhynchi (Yamaguti, 
1934), P. macrorchis becomes Genolopa macr orchis (Yamaguti, 1934), 
P. longicaecunt becomes Genolopa longicaecum (Manter, 1940), and 





400 THE JOURNAL OF PARASITOLOGY 

P. costaricae becomes Ge nolo pa costaHcae (Maiiter, 1940). The other 
species of Genolopa are G. truncata Linton, 1910, G. trifolifer Nicoll, 
1915, G. camminata Nicoll, 1915, G, mimita MB.nter, 1931, G. elongata 
Manter, 1931, and two new species described in the present paper, a total 
of 14 species ; Genolopa ampullacea Linton, 1910 is the type species. 

The species of Genolopa studied at Beaufort in the summer of 1939 
are described below. 

Genolopa lint oni (Manter, 1931) 

Forty-one specimens, from 5 of the 6 pigfish (Orthaprisfis chrysopterus) ex- 
amined, were referred to this species. They varied from a length of 1.0 mm to 1,7 
mm. The ventral sucker in my specimens is slightly more than half the diameter 
of the oral sucker, the pharynx is 0.05 to 0.07 mrn long and 0.05 to 0.06 mm wide, 
the esophagus is nearly as long or longer than the pharynx, and the ceca extend to 
the posterior half of the testis or slightly beyond. Other characteristic features 
are shown in Figs. 10, 11, 3e and 9e, h. No seminal receptacle was seen, but it may 
nevertheless be present, as the arrangement of organs would make it very difficult to 
see this structure if present. The eggs average about 23 by 13 fx. The most striking- 
feature of this species is the comparatively large size of the rose-thorn shaped cirrus 
spines (25 p long) and the long spike-shaped spines of the metraterm (25-30 jx long) ; 
the spines of the external body covering, however, are of the same size as those in 
Genolopa beauf or ti ( 10 p long). 

Manter was evidently mistaken in saying that the ^(Monostomum sp.’^ 
of Linton, 1905, p. 379, is a synonym of G. lintonL Apparently the 
species referred to is the one shown in Linton’s Fig. 223, for Manter 
quotes Linton’s statement that the eggs are three times longer than wide. 
I have found numerous specimens of the species shown in Linton’s Fig. 
223, and they are very different from G. Untoni, as will be seen from 
the following description. 

Genolopa longovatum n. sp. 

(See Figs. 12, 3c, 9c) 

Length usually between 0.5 and 1.0 mm but sometimes slightly exceeding these 
limits. Body urn-shaped, broadest in middle, tapering toward both ends but ex- 
panding again at the anterior end around the large oral sucker. Cuticular spines 
covering entire body. Oral sucker slightly more than twice diameter of ventral 
sucker (oral sucker in type 0.12 by 0.15 mm, ventral sucker 0.05 by 0.06 mm). 
Pharynx nearly spherical, about two-thirds diameter of ventral sucker. Pre- 
pharynx very short, seldom visible in whole mounts. Esophagus slightly longer 
than pharynx. Intestinal ceca ending about half-way between testis and posterior 
end. Single testis very close behind ventral sucker, sometimes partly dorsal to it, so 
that cirrus pouch is crow^ded forward and seldom extends posterior to ventral sucker. 
Cirrus and distal portion of metraterm pouch spiny; spines of cirrus wedge-shaped, 
nearly in form of equilateral triangle, about 8 p, long ; spines of metraterm very nar- 
row and needle-like (Fig. 9c). Ovary on right side of ventral sucker, overlappins- 
anterior end of testis, slightly trilobate to almost spherical. Vitellaria consisting 
of compact groups of 8 to 10 follicles close to dorsal surface on each side of ventral 
suckei and anterior end of testis. Coils of uterus filling intercecal space from ovary 
to posterior end, slightly overlapping intestinal ceca and edges of testis. Eggs 
elongate, averaging 26 by 11 p, and in living specimens often 2i times as long as wdde 
(Fig. 3c). Excretory bladder undivided, pouch-shaped. 
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Host: Pigfish (Orthopristis chrysopteriis) . 

Location: Intestine. 

-Beaufort, N. C. 

* The most distinctive features of this species in life are the urn-like 

shape, the very elongate eggs, and the almost funnel-like form of the oral 
sucker. The flame cells and excretory tubules wei‘e seen only once ; the 
flame cell formula appeared to be 2 [(2 + 2) -r (2 + 2)], but this cannot 
be stated as a fact until more observations can be made. G. longovatum 
is distinguished from all other species except G. bacilliovatiim (Odhner, 
1911) and G. cosfaricae (Man ter, 1940) by the elongate form of the eggs, 
which are however not as long as those of Odhner’s species. G. longo- 
vatum differs from G, bacilliovatiim in having a much greater difference 
in the relative sizes of the two suckers and in having a less distinctly 
lobed ovary, as well as in having shorter eggs (26 p as compared with 
31-33 p) and shorter cirrus spines (8 p compared with 35 p). G. longo- 
vatum has longer ceca than G. costaricae, and differs also in body shape. 
This is almost certainly the same species as the specimen shown in Fig. 
223 of Linton (1910) under the name of ''Monostomum sp.^' G. longo- 
vatum occurred in the intestines of all of the six pigfish {Orthopristis 
chrysopteriis) examined at Beaufort ; a total of 54 specimens was collected. 

Genolopa heaiiforti n. sp. 

(See Figs. 5, 6, 3d, 9d, g) 

Body elongate, length four to seven times width, covered with cuticular spines 
about 10 p long. Length of mature specimens 1.2 mm to 2 mm, width 0.25 to 0.35 
mm. Oral sucker shaped like inverted bell with upper half twice as wide as lower 
half, 0.15 to 0.20 mm long and 0,13 to 0.16 mm wide ; ventral sucker spherical, 0.08 
to 0.11 mm in diameter, diameter about half length of oral sucker. Prepharynx 
longer than esophagus, nearly as long to twice length of pharynx. Pharynx very 
large, usually larger than ventral sucker. Esophagus short to twice as long as 
pharynx. Intestinal ceca reaching to posterior end of body. Genital pore at anterior 
edge of ventral sucker, slightly lateral to median line. A very long common genital 
sinus, sometimes longer than metraterm pouch, without spines. Cirrus pouch ex- 
tending behind ventral sucker about half way to testis ; cirrus armed with triangular 
spines about 8 p long, distal portion of metraterm pouch armed with slender spines 
about 18 p long. Uterus opening into metraterm pouch at junction of armed and 
unarmed portions, which is anterior to middle of pouch ; loops of uterus filling all 
space between other organs from metraterm pouch to posterior end, but only slightly 
overlapping the intestinal crura. Ovary on right side just anterior to testis, nearly 
spherical with a slight tendency toward triangular shape. Testis about half way 
between ventral sucker and posterior end. Vitellaria consisting of compact groups 
of 8 to 10 follicles, on each side of ovary. Eggs 18 to 20 p long and 12 to 15 p wide. 
Excretory bladder a short undivided pouch reaching less than half way to testis ; 
main collecting vessels dividing at level of ventral sucker into an anterior and a 
posterior branch ; flame cell formula 2[ (2 + 2) + (2 + 2) ] . 

Host: Pigfish (Orthopristis chrysop ferns). 

Location: Intestine. 

Locality: Beaufort, N. C. 

Ty/Jc U, S. Nat. Mus. Helm. Coll. No. 36779. 
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Twelve specimens of G. beauforii were found, in 3 of the 6 pigfish 
examined. This species is easily distinguished by its elongate form, 
long prepharynx, very large pharynx, peculiarly shaped oral sucker, and 
long intestinal ceca reaching to posterior end of body. G. beauforti is 
more elongate than any other species except G. elongafa (Manter, 1931) 
and G. caciiminata Nicoll, 1915 both of which have ventral suckers larger 
than oral suckers. The phaiynx of G. beauforti is larger (in relation to 
the sizes of the suckers) than in any other species. 

THE EXCRETORY SYSTEM OF MONORCHIIDAE 

The excretory systems of four species, in four different genera, are 
now completely known. These are Diplomonorchis leiostomi Hopkins, 
1941/ Postmonorchis orthopristis Hopkins, 1941, Genolopa beauforti 
Hopkins, 1941, sxid Honor cheides cuming^i^^^ (Martin, 1938). The life 
cycle of the last species is the only one known in this family. Martin 
(1939) found that cumin giae Martin, 1938, a cercaria with eye- 

spots but without stylet and with a fairly long undivided tail bearing 
peculiar lateral lappets instead of spines or setae, encysts in the clam 
which serves as first intermediate host, and becomes adult in the anterior 
intestine of eels and flounders. It is interesting to note that the excretory 
bladder of Monorcheides cumingiae (at least in the cercaria and meta- 
cercaria stages) has an undivided bladder like that of Genolopa, a fact 
which casts doubt on Odhner's statement that Monorcheides has a 
Y-shaped bladder. All of the known excretory systems have the flame 
cell formula 2 [ (2 + 2) + (2 + 2)], which we may assume with some con- 
fidence to be the formula for all members of the family Monorchiidae. 

Members of several other families have the flame cell formula 
2[(2 + 2) + (2 + 2)]. In the Microphallidae, species of the genera 
Microphalhis, Cornucopula, Spelotrema, Levins eniella, and Maritrema 
have been shown by various authors to have this formula. In the 
Heterophyidae, Caecincola, according to Lundahl (1939) and Centro- 
cestus, according to Yamaguti (1938a) have the 2[ (2 + 2) + (2 + 2) ] 
formula. MacFarlane (1939) reports this formula for Coito caecum, a 
member of the Coitocaecidae or Opecoeliidae. Dobrovolny (1939) 
found the same formula in Plagioporus of the family Allocreadiidae, 
and I have found it in the allocreadiid-Iike genera Helicometra and 

(unpublished observations) . Tergestia, in the Steringo- 
phoridae (= Fellodistomidae) also has the 2[(2 + 2) + (2 + 2)] for- 
mula (Hopkins, 1940). Zoogonus, in the Zoogonidae, has been reported 
to have this formula by Stunkard (1938). 

Considering the marked differences in their adult structures and life 
cycles, it seems unlikely that the possession of the same flame cell formula 
indicates close genetic relationships between all of these families. It 
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would be more plausible, perhaps, to suggest that the 2[ (2 + 2) + (2 + 2) ] 
formula represents a primitive condition usually passed over early in the 
I embryonic development of cercariae, but that in many possibly unrelated 

genera the development of the excretory system has been retarded so that 
it remains in the primitive condition. On the other hand, if genera which 
I had been placed in the same family were found to have widely different 

flame cell formulae, it would certainly cast doubt on the closeness of 
their relationship, especially if the difference were found in the cercaria 
as well as in the adult stages. 

SUMMARY 

1. The new genera Diplomonorchis and Postmonorchis are described. 

2. The new species Diplomonorchis leiostoini (from Leiostomus 

\ xanthiirus) , Postnionorchis orthopristis, (from Orthopristis chrysop- 

terns), Genolopa longovcitum (from Orthopristis chrysopterus) , and 
Ge nolo pa beaiiforti (from Orthopristis chrysopterus) are described, all 
from Beaufort, N. C. Type specimens of all new species have been 
deposited in the U. S, National Museum. 

3. Proctotrenia Odhner, 1911 is declared a synonym of Genolopa 
Linton, 1910. 

4. The excretory systems of Diplomonorchis leiostomi^ Postmonorchis 
orthopristis^ and Genolopa beauforti are described, all with undivided 
excretory bladder and the flame cell formula 2 [(2 + 2) + (2 + 2)]. 

5. Keys are presented for identification of the genera of the Monor- 

CHIIDAE. 

6. The possession of the 2 [(2 + 2) + (2 + 2)] flame cell formula by 
genera in several other families is discussed. 
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Explanation of Plates 
Plate I 

Fro. 1. Diplomonorchis Iciostomi n. sp., ventral view of whole mount. Scale 
line = 0.2 mm. 

Fig. 2. Diplomonorchis Iciostomi, camera lucida drawing of living specimen, 
dorsal view. Excretory tubules and flame cells drawn freehand. 

Fig. 3. Camera lucida drawings of typical eggs of the 5 species described in this 
paper. The eggs on the left are drawn from living specimens, those on the right 
from whole mounts in gum damar. Scale line = 0.02 mm. 

a, Diplomonorchis Iciostomi 

b, Postmonorchis orthopristis 

c, Genolopa longovatiim 

d, Genolopa beauforti 

e, Genolopa lintoni 

Fig. 4. Genolopa ampiiUacca Linton 1910, type specimen, drawn with camera 
lucida, ventral view. Scale line = 0.2 mm. 

Fig. 5. Genolopa beauforti n. sp., camera lucida drawing of whole mount, ven- 
tral view. Scale line = 0.2 mm. 

Fig. 6. Genolopa beauforti, camera lucida drawing of living specimen, with 
excretory tubules and flame cells added freehand. 


Plate II 

Fig. 7. Postmonorchis orthopristis n. sp., camera lucida drawing of living 
specimen, with excretory tubules and flame cells added freehand. 

Fig. S. Postmonorchis orthopristis, camera lucida drawing of whole mount, 
ventral view. Scale line = 0.2 mm. 

Fig. 9. Genital spines of the 5 species described in this paper; camera lucida 
drawings from living specimens. Scale line = 0.02 mm. 

a, cirrus spines of Postmonorchis orthopristis 

b, cirrus spines of Diplomonorchis Iciostomi 

c, cirrus spines of Genolopa longovatum 

d, cirrus spines of Genolopa beauforti 

e, cirrus spines of Genolopa lintoni 

f, metraterm spines of Diplomonorchis Iciostomi 

g, metraterm spines of Genolopa beauforti 

h, metraterm spines of Genolopa lintoni 

Fig. 10. Genolopa lintoni (Manter, 1931), camera lucida drawing of whole 
mount, ventral view, with eggs omitted for the sake of clearness. Scale line = 0.2 
mm. 

Fig. II. Genolopa lintoni, camera lucida drawing of whole mount, dorsal view. 
Scale line = 0.2 mm. 

Fig. 12. Genolopa longovatum n. sp., camera lucida drawing of whole mount, 
ventral view. Scale line = 0.2 mm. 
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! ON DISTRIBUTION RELATIONSHIPS BETWEEN CALI- 

FORNIA TIDE POOL FISHES AND THEIR MYXO- 
SPORIDIAN (PROTOZOAN) PARASITES 

Elmer R. Noble'*^ 

Santa Barbara State College 

Workers in the field of taxonomic parasitology are often impressed 
with the lack of correlation between the distribution of parasites and the 
distribution of their hosts. Some species of parasites are narrowly con- 
fined to a particular host species in one locality, while others have a 
distribution as wide as the earth’s surface and involve many different 
species of hosts. The writer has become interested in variation in host- 
parasite relationships through investigations of myxosporidian parasites 
of tide pool fishes. 

A description of a new species of niyxosporidia will precede a dis- 
cussion of distribution. 

Sphacromyxa lateralis n. sp. 

(Figs. 1-3) 

if tUeaf -like, flattened. Length up to 1 and kndHiri'i^ters. Periphery 
only slightly differentiated from endoplasm. Each pansporoblast develops two 
spores. Poiysporous. Small ameboid stages occasionally present which have clear 
needle-like pseudopodia (Fig. 1), and measure 15 microns in total length. No 
movement observed. 

Spore 26 microns long (suture diameter) by 8 microns wide; oval, slightly 
curved in side view. Polar capsules 6.3 by 8.6 microns. Polar filaments loosely 
coiled, approximately 22 microns long. The capsulogeiious nucleus of one end usually 
takes a much darker stain (iron hematoxylin) than that of the other end of the spore. 
Sporoplasni lightly granular, with two large nuclei. Each nucleus with a single 
karyosome. Suture line indistinct. Figs. 2 and 3. 

Host: Artedius lateralis Giard. 

Location: Gallbladder. 

Locality: Tide pools of Santa Barbara, California. 

In comparison with the other species of the genus, Sphaeroinyxa 
lateralis is most similar to N. gibbonsia Noble from the gall bladder of 
Gihbonsia clegans clegaus and G. metzi. The principal difference is in 
the shape of the polar capsule which is markedly shorter and wider in 
N. lateralis. Only three infected hosts have been found. These were 
collected during November and December, 1939. 

The gall bladders of Dialarchus snyderi Greeley from Santa Barbara 
(Octcjber 1937), Point Conception (November 1939 and August 1940) 
and from Santa Rosa Island (August 1940) were found to be heavily 

Received for publication, October 17, 1940. 

This investigation was made with the aid of a grant from the Society of the 
Sigma Xi, for which the writer is sincerely grateful. 
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infected with incurvatum Thelohan. This species has been 

reported from the Mediterranean Sea, the North Sea and from the 
American Atlantic and Pacific coasts. The characters of the parasite 
found in Dialarchus snyderi are as follows : 


Trophozoite irregularly globular, with rounded, blunt pseudopodia (Fig. 4). 
Veiy slow ameboid movement. Pseudopodia slightly less granular than cytoplasm 
or body. Little distinction between ectoplasm and endoplasm. Latter with large 
refractive granules. Mature size 30 microns in diameter. Disporous. 

(Figs. 5 and 6) averages 4.5 by 11 microns ; polar capsules average 1.8 
by 3.8 microns. Spindle shape in front view, with very pointed ends ; may be swelled 
in the middle. In side view the whole spore is twisted into an S -shape. The axes 
through the long diameters of the polar capsules are not parallel. Shell wall thin 
and smooth. Sporoplasm lightly granular and fills spore, with two nuclei which are 
indistinct m living spores. Suture line faint. Filaments not observed. 


In his original description Thelohan (1892) described a disporous 
condition for Myxidmm inciirvahim from Ner aphis aequorens, N. annu- 

lotus, etc., from the southern coast of France, while Jameson (1929) 
described a monosporous condition for the same parasite in Sebasfodes 
caurinus Richardson from Pacific Gfove, California. The forms de- 
scribed above from Dialarchus snyderi are smaller than those described 
by Thelohan. 

In the gall bladder of one specimen of Gibbonsia elegaus elegans 
(Cooper) collected at Point Conception (October 1939) a heavy infec- 
tion of Leptotheca sphaerula was found. 

Gtbbonsia metsi Hubbs was found to be the host of two other myxo- 

' 1020 ^*^' of these fish from Point Conception (November 

1939) the gall bladders were found to be infected with Ceratomyxa blen- 
mus. The only other reported infection of California tide pool fishes by 
this genus was by Jameson (1929). He described G. gracilis in Gib- 
bonsm metzi (evides) from Pacific Crove. In the gall bladder of one 
specimen of G. metsi from Santa Barbara (April 1940) the writer found 

an abundance of Trilospora calif ornica with a small number of Leptotheca 
elegans. 

In the gall bladders of two specimens of the blind goby, Typholoqobius 
cahf ormensis, tvom S^nta. Barbara (April 1940) were found moderate 
Inactions oi Leptotheca elegans. These parasites were mixed with 

I rilospora cahf arnica. 


Leptotheca degans has also been found in the gall bladder oi Arte dius 
lateralis from Santa Barbara (December 1939) together with Sphaero- 
myxa toemfe described above. The former differed from the original 
description (Noble 1938) m that no movement of the trophozoite was 

observed, and the spores averaged 7 by 22 microns instead of 9 bv 17 
microns. ^ 


A list of tide pool fishes of California from which myxosporidia have 
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been described, together with their parasites, was published in a previous 
paper (Noble 1939). Herewith is the same list with the additions 
mentioned above. 

Host List with P.\rasites 

Arhaciosus rhessodon 

Sphaeroniyxa ovula in gall bladder 
Arte dins lateralis 

Sphaeromyxa lateralis in gall bladder 

I Leptotheca elegans in gall bladder 

1 Aiichenopterus inter gripinms 

I Leptotheca elegans in 

Clinocottus analis 

Ceratomyxa gracilis in gall bladder 
Dialarchns snyderi 

? Myxidimn inciirvatum in 

Gibbonsia elegans 

Leptotheca elegans in gzllh\2id.dtY 
Sphaeromyxa gibbonsia in gall bladder 
Trilospora calif ornica in gdXXhldiddcr 
Leptotheca sphaernla in gall bladder 
Ceratomyxa blennius in gall bladder 
Gibbonsia nietsi 

I Leptotheca sphaerula in urinary bladder 

i Leptotheca elegans in gall bladder 

Sphaeromyxa gibbonsia in gall bladder 
Ceratomyxa gracilis in gall bladder 
Ceratomyxa blenniiis in ^2i\\h\diAdtT 
Trilospora calif ornica in g2l\h\2i.dd&T 
Hypsoblennius gilberti 

Ceratomyxa blennius in gall bladder 
i Rimicola eigenmanni 

Leptotheca compressa in urinary bladder 
Typhologobius calif orniensis 

I Trilospora calif ornica in gall bladder 

Leptotheca elegans in gall bladder 

The following list illustrates diiferences in infection range of myxo- 
f sporidia among California tide pool fishes : 


Ceratomyxa blennius 
Gibbonsia eUgans 
Hypsoblennius gilberti 
Gibbonsia metsi 
Ceratomyxa gracilis 
Gibbonsia metsi 
Ceratomyxa obesa 
Clinocottus analis 
Leptotheca compressa 
Rimicola eigenmanni 
Leptotheca elegans 
Artedius lateralis 
A ucheno p terns in ter gripinms 
Gibbonsia elegans 
Gibbonsia met A 
Typhologobius calif orniensis 


Leptotheca sphaerula 
Gibbonsia elegans 
Gibbonsia metsi 
M yxidium inciirvatimi 
Dialarchus snyderi 
Sphaeromyxa gibbonsia 
Gibbonsia elegans 
Gibbonsia met A 
Sphaeromyxa lateralis 
Artedius lateralis 
Sphaeromyxa ovula 

Arbaciosus rhessodon 
Trilospora calif ornica 
Gibbonsia elegans 
Gibbonsia metA 
Ty photo go bins calif orniensis 
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Of particular interest, from the standpoint of distribution, is the pres- 
ence of Myxiduini iucitrvotmn which has been found in only one species 
of iish in this locality, but which has been reported from at least sixteen 
different species of fish, including both fresh water and marine forms, 
from various parts of the w^orld. 

The littoral flora and fauna of the California Coast north of Point 
Conception is unlike the littoral flora and fauna south of Point Concep- 
tion. This is due to a difference in temperature and direction of water 
and air currents in these two regions. Several species of fishes are com- 
mon to both localities. P'roin the point of view of host-parasite relation- 
ships it is of interest to -know whether the distribution of the parasites of 
these fishes parallels that of their hosts. 

For this study the gall bladders of tide pool fishes were examined, and 
their infection by myxosporidian parasites noted. 

In comparing the myxosporidia of fishes occurring north of Point 
Conception with those occurring south of this Point, Jameson (1931) 
states that there is “marked similarity between the two areas.” The 
writer has found, on the basis of the study of tide pool fishes alone, that 
a similarity is not very marked. 

The gall bladders of approximately 125 specimens of ClinocotHis 
aiialis from Point Conception southward have been examined by the 
writer, and no parasites have been found. These fishes were collected 
over a period of three years, and during all seasons of the year. Jameson 
(1929) described Ceratomyxa obesa irom Clinocottus a7za/f? collected in 
Monterey Bay, approximately 175 miles north of Point Conception. The 
absence of parasites in the fishes from southern waters suggests at least 
a physiological difference between the two groups of hosts. The writer 
recently (August) collected 9 specimens of this fish from Monterey Bay, 
and was unable to find myxosporidia in any of them. There is evidence 
from the work of Bolin (unpublished) that a subspecific separation of the 
two groups of fish is unwarranted. 

Dialarchus snydcri Greeley is abundant in tide pools along the entire 
coast of California. The writer has collected these fishes during all sea- 
sons of the year on both sides of Point Conception from Monterey Bay 
southward to Ventura. Infection of the gall bladders of D. snyderi with 
Myxidiiiiu incurvatuni Thelohan is equally common in all localities stud- 
ied. This condition is to be expected because of the world wide distribu- 
tion of M. 

Gibhonsia clcgans (Cooper) and Gibbonsia mefsi Hubbs are both 
abundant along the coast of California, and both harboi', with one excep- 
tion, the same species of myxosporidian parasites. Here is an example 
of two distinct species of hosts, found under varying environmental coiidi- 
tions, which are both subject to infection by essentially the same gall 
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bladder parasites. From a study of the parasites of this genus the writer 
concludes that the hosts are physiologically more similar than is indicated 
by their structural chai*acteristics. 

Of the fishes extensively studied by the writer, Montcrcya rccalva 
(Greeley) is the only common tide pool fish of central and southern Cali- 
fornia which is free from gall bladder parasites. Approximately 100 gall 
bladders were examined, taken throughout the year from Point Conce]:»- 
tion and the Channel Islands, and all were found to be negative for 
myxosporidia. 

When we consider the bottom feeding habits of the tide pool lishes, 
with the abundance of algae and small crustaceans usually present, we find 
a combination of conditions particularly favorable to the development and 
transmission of the myxosporidia. Bangham and Hunter (1939) made 
a similar observation in their studies of fish parasites of Lake Erie. They 
found that the fish at the western end of the lake, which is shallower and 
weedier, supported greater numbers and greater variety of parasites when 
a fish was infected. Davis (1917) points out that “it is very common 
to find two or more species of myxosporidia living in the gall bladder or 
the urinary bladder at the same time.'’ 

Somewhat opposed to the above findings are those of Cross (1938) 
who concluded that “fish that harbor large numbers of parasites of one 
kind have a tendency tow^ard a light infection, or none, with other para- 
sites." A glance at the host list on page 411 shows that out of ten differ- 
ent species of tide pool fishes only two harbor more than two species of 
myxosporidian parasites. Even in the genus Gibhousia, which harbors 
6 different species of myxosporidian parasites, the writer usually found 
only one species of myxosporidia present in any one fish, and never more 
than two of these sporozoans, although occasionally other parasites 
(worms) were encountered. Thus the study of myxosporidia of tide 
pool fishes supports the conclusions of Cross. 

The ability of a parasite to live normally in many different species 
of hosts indicates a pronounced adaptability on the part of both host and 
parasite. This adaptability could be explained on the basis of a general- 
ized condition of the parasite. According to this interpretation the para- 
site has not progressed far enough, phylogenetically speaking, to attain 
the specialization which permits it to dwell in only one particular species 
of host. When we compare Lepfotheca elegans, however, which is found 
in five different species of host, with Leptotheca compressa, which is con- 
fined to Rimicola eigenmamii, we can observe no differences which would 
indicate that the latter is more specialized. Since L. elegans has not been 
found in Rimicola eigemnanni we can assume that this fish and parasite 
are physiologically incompatible. If a difference in generalization of the 
above mentioned parasites exists it must be of a physiological nature. 
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The physiology of the myxosporidia has merited little attention on the 
part of investigators, and offers an open field for research. 
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SUMMARY 

Sphaeromyxa lateralis n. sp. from the gall bladder of Artedius lateralis 
has been described. A revised list of tide pool fishes of California with 
their niyxosporidian parasites, and a list of myxosporidian parasites of 
California with their hosts is included. 

Investigations on the host-parasite problem with relations to distribu- 
tion of tide pool fishes and their myxosporidian parasites result in the 
following conclusions : 

1. Two groups of hosts, both belonging to the same species but sepa- 
rated each into a different environment, may sometimes be distinguished 
by differences in their parasitic fauna. 

2. Some parasitic species are very resistant to change, and are able 
to maintain their diagnostic characteristics in several species of hosts in 
different environments. 

3. There is often no close correlation between the structural similari- 
ties of two species of hosts and the similarities of the parasites with which 
they are infected. 

4. Fishes living in the littoral zone, where there is an abundance of 
plant life, are generally infected with a greater variety of parasites than 
are pelagic fishes. 

5. The presence of large numbers of parasites of one species in a fish 
usually excludes the presence of large numbers of other species of para- 
sites in that fish. 
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Explanation of Plate 

All figures drawn with the aid of a camera lucida. Magnification x 2230. 

Fig. 1. JJiVmg ivo^hozoiit oi Sphaeromyxa lateralis. 

Fig. 2. Two living spores of Sphaeromyxa lateralis. 

Fig. 3. Pair of stained spores of Sphaeromyxa lateralis. (Brazil’s Bouin’s, 
iron hematoxylin.) 

Fig. 4. Young living trophozoite of My.ridium incurvatum. 

Fig. 5. Two living spores of Myxidium incurvatum. 

Fig. 6. Stained spore of My.vidmm incurvatum. (Brazil’s Bouin’s, iron 
hematoxylin.) 







COMPARATIVE EFFICIENCY OF ZINC SULFATE AND 
SUGAR SOLUTIONS FOR THE SIMULTANEOUS 
FLOTATION OF COCCIDLA.L OOCYSTS 
AND HELMINTH EGGS 

Marion M. Farr and George W. Luttermoser 
Zoological Division, U. S. Bureau of Animal Industry 

A number of substances has been recommended for use in detecting 
protozoan cysts and helminth eggs in feces and soil. For many years, 
it has been known that certain of these substances were more efficient in 
floating protozoan cysts while others were more satisfactory in recovering 
helminth eggs. Until recently, however, little or no attempt was made to 
collect experimental data on the efficiency of substances for the simul- 
taneous flotation of both protozoan oocysts and helminth eggs from the 
same medium. Faust et al (1938, 1939) tested several techniques for 
the recovery of protozoan cysts and helminth eggs simultaneously from 
human feces and found that zinc sulfate solution having a specific gravity 
of 1.180 recovered the largest number of these forms. Garcia and Pesigan 
(1940) demonstrated that the IHP flotation method (named after Insti- 
tute of Hygiene, Department of Parasitology, University of Philippines) 
involving the use of cupric nitrate having a specific gravity of 1.180 was 
just as effective in the diagnosis of helminth ova and protozoan cysts in 
human feces as zinc sulfate technique. These authors recommended the 
cupric nitrate technique for the following reasons: (1) smear prepara- 
tions do not dry, even without the cover slip, for one month or more ; 
(2) cupric nitrate preparations give a clearer and cooler visual micro- 
scopic field thus alleviating eye strain; (3) the fecal material is stained 
bluish-green while the eggs and cysts remain unstained ; and (4) the high 
solubility of cupric nitrate gives a wider range of specific gravities than 
zinc sulfate. Pesigan (1940) tested both the zinc sulfate and cupric 
nitrate techniques for the simultaneous flotation of helminth eggs and 
protozoan cysts from human feces and found that each gave an efficacy 
of approximately 90 per cent. 

The present paper presents data on the comparative efficiency of zinc 
sulfate and sugar solutions for the simultaneous flotation of coccidial 
oocysts and helminth eggs from naturally infected and artificially inocu- 
lated chicken feces and soil. 

materials and METHODS 

Tests were conducted on five fecal samples and five soil samples, the 
latter of a sandy loam nature. Three of the soil samples and two of the 
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fecal samples were inoculated with known numbers of coccidial oocysts 
and nematode eggs while the two remaining soil samples and the three 
remaining fecal samples, which were collected from infected poultry 
yards and infected poultry, respectively, contained unknown numbers of 
oocysts and eggs. 

Of the 3 inoculated soil samples, the first and second (Nos. 1 and 2 
on chart) were collected from an area previously unused as a chicken 
yard; the}^ wei*e thoroughly dried in an oven at 50° to 60° C before being 
inoculated. An analysis^ of a small portion of one of these dried samples 
showed that it contained 0.04 per cent nitrogen, 2.15 per cent organic 
matter, 16 per cent moisture, and had a pH of 4.2. A 125 cc portion of 
sample 1 was made into a paste by adding 25 cc of water ; this reduced 
the volume of the di'ied soil to 74 cc. To this paste w^ere added 193,750 
oocysts and 19,000 nematode eggs. A 109 cc portion of sample 2 was 
prepared in a manner similar to sample 1 except that 49,500 oocysts and 
22,400 nematode eggs were added. 

The third inoculated soil sample (No. 3 in chart) was collected from 
the surface of the ground around the feeders and shelters of an infected 
poultry yard. An analysis of a portion of this latter sample, which had 
previously been comminuted and dried in an oven at a temperature of 
50° to 60° C for more than a month, showed that it contained 0.27 per 
cent nitrogen, 4.16 per cent organic matter, 34 per cent moisture, and 
had a pH of 7,76. A preinoculation examination of several samples of 
this soil showed that an average of 14 oocysts per 2 cc of soil were present. 
A 125 cc portion of this sample was mixed thoroughly with 63 cc of tap 
w^ater; this increased the volume of the dried soil to 136 cc. To this paste 
there were added 121,000 oocysts and 37,500 nematode eggs. 

The fourth and fifth soil samples (Nos. 4 and 5) w^ere scraped from 
the surface of the ground around the feeders and shelters of infected 
poultry yards. A small portion of each sample was comminuted and 
screened. The screenings from soil sample No. 4 were thoroughly mixed 
with water before being examined for eggs and oocysts. Soil sample 
No. 5 was dried in an oven at a temperature of 50° to 60° C for a month 
and then inoculated with an unknown number of eggs and oocysts before 
being tested. 

Fecal samples (Nos. 6 and 7) were collected from parasite-free chick- 
ens. Ninety cc of sample No. 6 were inoculated with 413,200 oocysts and 
90,000 eggs. The volume of the inoculated sample was 96 cc. Sample 
No. 7 was dried in an oven at 50° to 60° C for one month, then removed 
and ground into a powder with a mortar and pestle. One hundred and 
twenty-five cc of the ground droppings were mixed into a smooth paste 

^ Analysis made by A. Yelmgren of the Division of Soil Chemistry and Physics, 
Bureau of Plant Industry. 
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with ISO cc of water; the volume of this mixture was 175 cc. To 135 cc 
of this paste there were added 121,000 oocysts and 37,260 eggs, increas- 
ing the volume of the mixture to 170 cc. 

Fecal samples (Nos. 8, 9, and 10) were collected from chickens natu- 
rally infected with coccidia and helminths. These chickens were con- 
fined in cages for a week and fed a mash free of grit before the samples 
were taken. 

The prepared soil and fecal samples were placed in sealed jars which 
were kept in a refrigerator until ready for use. 

Suspensions of sporulated oocysts used to inoculate the fecal and soil 
samples were obtained by culturing the unsporulated oocysts of Eimeria 
maxima, E. niitis, E. acerviilina, and E. tenella in 2.5 per cent potassium 
dichromate solution for two to three days. On completion of sporulation, 
the oocysts were w^ashed free of potassium dichromate with tap water 
and then strained through cheesecloth and cotton to remove all debris. 
The number of oocysts in each suspension was then determined from 
counts made with the aid of a Fuchs-Rosenthal blood counting chamber 
0.2 mm deep. A pipette was used to stir the suspension of oocysts to 
distribute them equally throughout the liquid before making each count. 
Counts on individual samples were continued until the numbers of oocysts 
of two or more counts were identical. At least five and usually more 
counts were made of each suspension and then averaged. This average 
was then used to estimate the total number of oocysts desired to be used 
in the inoculum. 

The suspensions of helminth eggs were prepared by culturing the 
freshly collected eggs of the worms Ascaridia lineata and Heterakis 
gallinae in a 2 per cent solution of potassium dichromate for about two 
w'eeks. The egg suspension was then strained through cheesecloth to 
remove the debris and then washed free of potassium dichromate with 
tap water. Several counts w^ere made of each suspension by the Stoll 
dilution method and the average of these used to determine the number 
of eggs desired to be used in the inoculum. 

The inoculum was prepared by mixing thoroughly definite amounts 
of the egg and oocyst suspensions. After inoculation, the soil or fecal 
sample was mixed thoroughly with a spatula to insure a uniform distri- 
bution of eggs and oocysts. 

The method adopted for the flotation of helminth eggs and protozoan 
cysts from fecal and soil samples was as follows: A 2 cc subsample, which 
was obtained by means of a U. S. Bureau of Plant Industry watch glass 
(27 mm in diameter and 8 mm high), was placed in a 125 cc Erlenmeyer 
flask containing 33 cc of tap water and glass beads. The contents of the 
flask were shaken vigorously for 5 minutes and then strained through 4 
thicknesses of washed cheesecloth into two 15 cc centrifuge tubes. The 
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tubes were centrifuged at 1,050 RPM for 3 minutes. The supernatant 
liquid was poured off and a small amount of the flotation medium added 
to each tube. The contents of one tube were mixed thoroughly with an 
applicator stick and poured into the other. Enough of the flotation 
medium was then added to the latter tube to bring the level of the suspen- 
sion even with the rim of the tube. A clean No. 2 cover slip was placed 
across the rim of the tube, care being taken to see that no air bubble or 
at most not more than a very small one was present underneath the slip. 
The tul)e was centrifuged at 1,050 RPM for 3 minutes. The coverslip 
was then removed to a slide for enumeration of eggs and oocysts present 
thereon. This same procedure was carried out a second, sometimes a 
third or even a fourth time for the purpose of determining the total num- 
ber of eggs and oocysts recoverable from the subsample. Table I shows 
in tabulated form the results obtained from the examination of two cover- 
slips of each sample tested as described above. 

The zinc sulfate solution (sp gr 1.200) , which was used in the present 
tests, was prepared by placing 331.4 grams of the chemical in a 1,000 cc 
glass cylinder and then adding enough water to bring the level of the 
solution to the one liter mark. The sugar solution (sp gr 1.270) was 
prepared according to the formula of Sheather (1923 a and b) and 
Benbrook (1925). Sugar solution having a specific gravity of 1.200 was 
made by adding 375 grams of sugar in 500 cc of water and 3.5 cc of 
phenol. A hydrometer was used to measure the specific gravity of all 
solutions at room temperature. 

EXPERIMENTAL RESULTS 

An examination of Table 1 shows that, in all tests in which a par- 
ticular sample was inoculated with a known number of oocysts and eggs, 
zinc sulfate consistently removed a larger number of oocysts than the 
sugar solution (.sp gr 1.270), while the latter, except in the case of soil 
sample No. 1, floated a few more helminth eggs. For every 100 oocysts 
floated by the sugar solution (sp gr 1.270),, 260 oocysts were removed 
by the zinc sulfate solution, and for every 100 eggs floated by the zinc 
sulfate solution, 135 eggs w^ere removed by the sugar solution. As re- 
gards sugar solution (sp gr 1.200), this medium proved to be slightly 
more efficient for the removal of eggs and slightly less efficient in recover- 
ing oocysts than the zinc sulfate solution. For every 100 oocysts floated 
by the sugar solution (sp gr T200), 114 oocysts w^ere floated by the zinc 
sulfate solution and for every 102 eggs floated by the zinc sulfate solution, 
107 eggs w^ere floated by the sugar solution (sp gr 1 .200) . 

The foregoing results clearly demonstrate that each solution was more 
or less consistent in the relative number of eggs and oocysts recovered 
from each of the samples, but was surprisingly inconsistent in the com- 
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Table 1. hlotatioti of eggs and oocysts from soil (samples 1-5) and feces (samples 6-10) 
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J^arative percentages of oocysts and eggs recovered from the different 
t>pes of samples. Zinc sulfate removed approximately 75 per cent of 
tlw eggs and 88 per cent of the oocysts from soil sample No. 1 and only 
26 per cent of the eggs and 14 per cent of the oocysts from soil sample 
^ o 4 which rvas of the same origin as sample No. 1 ; the only difference 
nr the two samples was that sample No. 2 had been dried for a longer 
period and had been inoculated with a different suspension of eggs and 
oocysts. In contrast, zinc sulfate recovered 33 per cent of the eggs and 
24 per cent of the oocysts from soil sample No. 3 which had been collected 
*^-7 ^’^7 ‘^o^^a-ined approximately 3 times as much organic 
1 as soil samples 1 and 2. Similar inconsistencies were found in the 
percentap recoveries of eggs and oocysts from the different samples with 
sugar solutions. However, the oocyst returns of the sugar solution (sp 
b -200) more closely approximated those of the zinc sulfate The 

L-steXdore^ir’"' f 

recoverv of el T 7"’ percentage 

ecmeij of eggs from any fecal sample was 25.8 when sugar solution 

■vmg a specific gravity of 1.270 was used and the highest percentage of 
oocysts w'as lO.S when zinc sulfate was used. 

Only the results obtained from samples inoculated with known num- 
bers of ooq^sts and eggs were used in drawing conclusions as to the com- 

Ihe tests with the samples containing unknown numbers of eggs and 
shrfJ^ demonstrated the practicability of the techniques in tlS they 
show^ed the same proportional yield as with the known samples. ^ 

Discussioisr 

In an attempt to explain the variation in percentages of recovery of 
eggs and oocysts from different samples by the same teHinique such He 
tors as organic matter content, the size of the soil particles and 1 tme 
content, have been considered. As stated earlier in'the p^r ^ 

^ owed that the samples differed in the amount of organk matter p e en 
The percentage recoveries of eggs and oocysts in soil samples 1 aSl 
were markedly different, yet they were taken from the saZ source aj 
^ ssessed the same organic matter content. Moreover, the size of the 
P 1 tides m the samples apparently did not account for the difference in 
the percentage recoveries of eggs and oocysts, since no better returns weJe 

matenS Trti than from the coarsely ground 

mateiial. Furthermore, the amount of moisture nresenf in J. 7 

samples, which would influence the concentration of the subLniS 

apparently had little to do with the percentage recovery ^ ^ ’ 

oocysts f,o„, ,l,e subsamples Soil samples 1 and 2 c«nL„ed'2m„°si 

moisture (about 17 per cent) but upon flotation these 



A study of results obtained by a modified D.C.F. (direct centrifugal 
flotation) examination of soil and fecal samples containing known and 
unknown numbers of eggs and oocysts of chicken parasites warrants the 
following conclusions : 

1. Zinc sulfate solution of a specific gravity of 1.200 is a more effi- 
cient medium for the centrifugal flotation of oocysts of the chicken coc- 
cidia, Eimeria acerviiVina, E. imtisj E. maxima, and E. tenella, than a 
sugar solution of a specific gravity of 1.270. However, the zinc sulfate 
is less efficient for floating the eggs of Ascaridia lineata and Heterakis 
gallinae. 

2. Sugar solution of a specific gravity of about 1.200 is probably a 
more efficient medium for floating eggs, but zinc sulfate of the same 
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samples yielded very different returns of eggs and oocysts. A higher 
percentage of eggs and oocysts was recovered from soil sample 3 than 
from 2, yet sample 2 contained less moisture than sample 3. In regard 
to the suspensions used for inoculation, the separate cultures of eggs and 
oocysts no doubt varied in degree of sporulation or embryonation. How^- 
ever, the condition of the cultures does not seem to explain the fact that 
the yields of eggs and oocysts increased or decreased proportionately for 
the different samples. 

In this study it was also found that the number of oocysts and eggs 
present on the first two coverslips represented a large majorit}^ of the 
recoverable forms. More than 70 per cent of the oocysts recovered by 
the first two coverslips were present on the first coverslip when zinc 
sulfate solution was used while only slightly more than 50 per cent of 
oocysts recovered by the first two coverslips were present on the first cov- 
erslip when sugar solution of either specific gravity was used. The reverse 
of this seemed to be true for the eggs. About 78 per cent of the eggs 
were present on the first coverslip in the case of zinc sulfate solution 
wdiile over 90 per cent of the eggs were present on the first coverslip in 
the case of sugar solution (sp gr 1.200). There, was recovered on the 
first coverslip approximately 82 per cent of the eggs when sugar solution 
(sp gr 1.270) was used. 

Granting that zinc sulfate was somewhat more efficient for the re- 
covery of oocysts in the present test and that sugar solution of the same 
specific gravity (1.200) was slightly more efficient for the recovery of 
eggs from fecal and soil samples, the sugar solution is preferred to the 
zinc sulfate solution for simultaneous flotation of these organisms because : 
(1) it is more easily obtained ; (2) it does not crystallize so rapidly, thus 
obviating the necessity of examining the slides at once or placing them 
in a moist chamber ; and (3) the eggs and oocysts are more evenly dis- 
tributed over the slide. 

SUMMARY 
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specific gravity is j^robably more efficient for floating oocysts in simul- 
taneous centrifugal flotations of the eggs and oocysts of the chicken para- 
sites mentioned. 

3. Although sugar solution (sp gr 1.200), is no more efficient than 
zinc sulfate solution (sp gr 1.200), it is more practical for the detection 
of the above poultry parasites because (1) it is more easily obtained 
than zinc sulfate, (2) it is less expensive; and (3) it is a better mount- 
ing medium. 

4. The modified D.C.F. technique used herein, recovered from 10 to 
88 per cent of the eggs and oocysts inoculated into soil and fecal samples. 
There is need for further study of the factors which determine the effi- 
ciency of simultaneous flotation of helminth eggs and protozoan cysts in 
order to improve the technique of examining fecal samples from poultry 
and other domesticated animals. 
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ORNITHODOROS PARKERL COOIJEY : OBSERVATIOXS 
ON THE BIOLOGY OF THIS TICK* 

GoiiLDON E. Davis 

Bacteriologist, United States Public Health Service 

Ornithodoros parkeri was first collected in Natrona County, Wyo- 
niing, by the writer in 1934 and was described by Cooley in 1936. Subse- 
quent observations on its biology and distribution and its relationship to 
the transmission of relapsing fever spirochetes and certain other infectious 
agents are summarized below. The host and distribution data have been 
mostly obtained from materials collected by staff members of the. Rricky 
Mountain Laboratory, but a few of the records are from collections hy 
field crews of the Plague Laboratory at San Francisco, California. 

DISTRIBUTION 

Wyoming: Natrona, Carbon and Sweetwater Counties. Montana: 
Beaverhead, Madison and Ravalli Counties. Colorado: Moffat and 
Mesa Counties. Washington: Franklin, Yakima, Douglas and Oka- 
nogan Counties. Nevada: .White Pine, Elko, Lyon, Lincoln, Clark and 
Churchill Counties. Utah: Uintah, Emery, Wayne, Washington, 
Grand, Carbon, and Iron Counties. California: Merced, Fresno and 
Kern Counties. Oregon : Benton and Umatilla Counties. 

TYPE AREAS 

Sagebrush prairies, grassy slopes, and semi-desert areas, from low 
elevations, as the San Joaquin Valley in California, to elevations of 7000 
feet on plateaus in southern Wyoming. 

HABITAT 

Burrows and nests of rodents and burrowing owls. 

NATURAL HOSTS 

Prairie dogs (Cynoniys sp.), jack rabbits (Lepiis sp.), cottontail tdh~ 
hits (Sylvil a gus sp.), mice (Peromyscus sp.), ground squirrels (C if dins 
spp.) , we^sd (Miistela sp.) , and the burrowdiig owl (Speotyfo citnicit- 
/m*a). This tick has been most frequentN found in association with 
prairie dogs. 

EXPERIMENTAL HOSTS 

These ticks feed readily on man, white mice, white rats, guinea pigs 
and monkeys. 

Received for publication, November 18, 1940. 

"^Contribution from the .Rocky Mountain Laboratory (Hamilton, Montana) of 
the Division of Infectious Diseases of the National Institute of Health. 
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Four ticks, 3 males and one second stage nymph, have engorged on 
man experimentally; and one first stage nymph accidentally. There is 
no sensation while feeding. At the site of the bite there is a circum- 
scribed hemorrhagic area with subsequent j^apule formation which may 
become necrotic. Intense itching occurs at intervals for 4 or 5 days. 


FEEDING HABITS 

Like iuricaia and herinsi, this species feeds rapidly. The male, when 
allowed to feed to repletion, becomes as fully distended as the female or 
any of the immature stages. The time required for engorgement de- 
pends on several factors, among which are: The interval which has 
elapsed since the last molt, the site of attachment, and the proximity of 
other attached ticks. Larvae, nymphs in all stages, and males and 
females may engorge in from IS to 30 minutes. Feeding time deter- 
mined for 20 males varied from 12 to 16 minutes. 


COXAL FLUID 

When engorgement is nearing completion, there is a copious amount 
of coxal fluid. It has not been shown that this fluid plays any essential 
role in the infective process in relapsing fever or spotted fever. Fluid 
from ticks shown to be infective for these diseases when injected into 
white rats or guinea pigs has not resulted in infection. In relapsing 
fever the host may become infected in less than one minute following 
attachment of the tick at a time when coxal fluid has not appeared. 

LONGEVITY 

The longevity of species of this genus is proverbial. Francis has 
recently reported the survival of 0. turicata for 7 years. Late nymphs, 
males, and females of parkeri are still alive after approximately 4 years 
of fasting. 

COPULATION TIME 

The time was determined from the immobilization of the attached 
male to its voluntary detachment following the deposition of the spermato- 
phore. Twenty-five such periods varied from 12 to 49 minutes. The 
average was 28 minutes. 

MOLTING HABITS 

Observations have been made on groups of parkeri from Montana, 
Wyoming, California, and Utah. When the larvae w^ere engorged they 
were placed in individual cotton-stoppered shell glass vials, numbered 
serially, and kept at room temperature in a humidity jar containing a 
saturated solution of ammonium chloride. Higher temperatures hastened 
molting while low temperatures delayed it. Nymphs stored at a tempera- 
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ture of about 65° F failed to molt over a period of 3 months, but molted 
overnight when removed to a temperature of 97° F. Nymphs that are 
not completely engorged may molt regularly or may fail to molt until 
engorgement has taken place. 

Observation on Montana stock, Table 1. September 11-13, 1937, 
41 larvae engorged on a white rat. The limits for molting were 16 and 
28 days, with the largest number molting by the 18th. Only 33 survived 
for the first nymphal feeding. The limits of nymphal molting were 14 
and 41 days rather evenly distributed. In the second nymphal stage 
molting began on the 14th day and ended on the 31st, in the third it 
ranged from 15 to 32 days and in the fourth from 20 to 49 days. Twenty 
ticks survived to the adult stage. There were 16 males and 4 females. 
One of the males required only 3 nymphal stages to arrive to maturity 
while 15 males and the 4 females required 4 nymphal stages. 

Observations on Wyoming stock, Table 2. July 28, 1938, 48 larvae 
engorged on a white rat. The molting period i“anged from 8 to 12 days 
with 73 per cent molting on the eighth day. Only 35 ticks survived for 
the first nymphal feeding. The molting period varied from 13 to 18 days 
with the largest number molting on the 15th day. Thirty-four ticks sur- 
vived for the second nymphal feeding. All but 2 molted in 14 to 19 days. 
These 2 molted on the 74th day. The third nymphal molts varied from 
16 to 49 days, the fourth from 16 to 28 days, and one tick required a 
fifth molt which took place on the 25th day. Of the 34 ticks which sur- 
vived to the adult stage 15 were males and 19 females. Three of the 
males and 2 females required only 3 nymphal stages, 12 males and 16 
females, 4 nymphal stages, and one female 5 nymphal stages. 

Observations on California stock. Table 3. December 4 to 6, 1939, 
59 larvae engorged on white rats. All larvae molted in from 10 to 13 
days with the largest number molting on the 11th day. Fifty-four ticks 
survived for the first nymphal feeding. The limits of the molting peidod 
were 11 and 19 days, with the largest number molting on the 14th. In 
the second nymphal stage the limits were 12 and 23 days, and in the third 
nymphal stage 13 and 20 days. Fifty-four ticks survived to the adult 
stage. Of these, 30 were males and 24 females. Eighteen of the males 
required only 2 nymphal stages, while 12 males and the 24 females re- 
quired 3 nymphal stages. It is possible that the fewer nymphal stages 
required for maturity reflects the environmental conditions in central 
California. 

Observations on Utah stock, Table 4. January 30 to February 20, 
1940, 114 larvae engorged on white rats. The molting period varied 
from 7 to 13 days. Ninety-five ticks survived for the first nymphal feed- 
ing. The molting period ranged from 7 to 12 days. Ninety-three ticks 
survived for the second nymphal feeding. The molting period varied 
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from 10 to 34 clays. In the third nymphal stage, molting began on the 
15th day and was complete on the 41st. Fort3'"-one ticks, 30 males and 
1 1 females, reached the adult stage at this time. Fifty-two ticks re- 
mained for the fourth nymphal feeding. Molting began on the 24th day 
and was complete on the 68th. One tick died without molting. Of the 
51 remaining ticks, 19 were males and 32 females — 3, total of 49 males 
and 43 females. 

Summary of molting observations, Table 5. The duration of the 
larval stage for 262 ticks was 7 to 28 days; of the first nymphal stage 
for 217 ticks, 7 to 41 days; of the second nymphal stage for 209 ticks, 
10 to 74 days; of the third nymphal stage for 192 ticks, 13 to 49 days; 
of the fourth nymphal stage for 98 ticks, 16 to 59 days; and for one tick 
in the fifth nymphal stage, 25 days. Of 198 ticks reared to adults, 18 
males required 2 nymphal stages ; 82 (45 JIJ', 37 52), 3 nymphal stages, 
97 (46^^, 51 2?), 4 nymphal stages, and one female, S nymphal stages. 

RELATION TO INFECTIOUS DISEASES 

Relapsing fever. This species has not been definitely connected with 
human infection. However, it feeds readily on man and is the only 
species known in areas in which at least 17 cases have originated. 
Twelve specimens were collected from an endemic area in western 
Nevada. Spirochetes have been recovered from ticks collected in two 
areas in Wyoming, and one each in Montana, Utah, California, and 
Nevada. The Wyoming, Montana, and Utah strains have been studied 
in white mice, white rats, guinea pigs, and rhesus monkeys, the Califor- 
nia strain only in white mice. Rhesus monkeys have not been shown to 
be susceptible. The other 3 hosts show typical relapses in varying de- 
grees. In guinea pigs the reappearance of spirochetes in the peripheral 
blood is accompanied by clinical relapses. 

Rocky Mountain spotted fever. 0. parkeri has not been found in- 
fected in nature but ticks which have fed on infected guinea pigs readily 
produce the disease when later allowed to feed on fresh guinea pigs. 
Nymphs, males and females transmit the infecting agent. Two females 
have been shown to be infective 685 and 739 clays, respectively, following 
the infective feeding in the second nymphal stage, and generation-to- 
generation transmission has been demonstrated. 

American Q fever (Nine Mile fever). The causative organism 
(Rickettsia diaporica) survives and retains its virulence for many 
months in the tissues of successiA^'e stages of 0 . parkeri, but is not trans- 
mitted during the process of feeding. The tick excrement is infective. 

Tularaemia. B. tularense survives and retains its virulence for at 
least 701 days, but is not transmitted during the process of feeding. 
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CANNIBALISM 

'11 le pheticjinenon <me tick feeding on another of tlie same species 
has been termed cannibalism, which is obviously a misnomer as the tick 
iK^st is neither consumed nor sufficiently harmed to prevent normal func- 
tions, The two following observations were made: August 30, 1939, a 
last stage nymph feeding on a guinea pig was punctured through the dor- 
sum by a second tick which proceeded to completely engorge. The 
"host'' tick molted normally to a female, copulated and oviposited: there 
were 198 eggs, 46 larvae. August 31, 1939, another last stage nymph 
was similarly punctured and the *1iost’' tick again completely engorged. 
Tlie latter molted normally to a female, copulated and oviposited. Eggs, 
190: larvae, 82. 

Similar observations on 0. iuricata were made by Wood (1912) and 
Francis (1938) and on O. talaje (unpublished notes, Davis, 1939b). 


Table 6. — Oniithodoros parkeri : ovi position data 


Female 

No, 

Stoek 

Date of 
engorge- 
ment 

Da.t(? of 
copula- 
tion 

First 

eggs 

First 

kQi'vae 

Total 

eggs 

Total 

larvae 

25 

Wyomiiif? 

5-22-39 

5-22-39 

8-12-39 

8-27-39 

150 

145 

42 

“ 

5-19-39 

5-19-39 

6-12-30 

(>-30-39 

191 

37 

IH 

ti 

5-11-39 

5-11-39 

0- 4-39 

0-21-39 

186 

10 

48 

ii 

1 1-14-39 

11-14-39 

1-10-40 

2- 8-39 

331 

147 

4 


9- 7-39 

9- 7-39 

9-29-39 

11-18-39 

158 

SI 

2' 

, 1 

10-12-30 

10-12-39 

12-18-39 

1-10-39 

134 

i 15 

2 

1 

1-19-40 

Unknown 

2- 5-40 

2-21-40 

181 

110 

4 

Iltali 1 

9-20-39 

9-20-39 

' 11-22-39 

3 2-13-39 

377 

293 

4 , j 

1 Nevada 

12-22-39 

12-22-39 

1-1 1-40 

1-25-40 

330 

102 

2 ’ 

11-30-39 

Unknown 

2- 2-40 

2-19-40 

171 

104 

2 

Waslinigroii 

11-15-39 

1 1-10-39 

3- 1-40 , 

3-17-40 

190 

82 

9 1 

11-13-39 

11-13-39 

3-12-40 i 

3-30-40 

198 

40 

4 

Oalifonua 

10-18-39 

10-18-39 

11- 1-39 

11~2(>-30 

270 

71 


oviPosiTiON (table 6) 

O. parkeri has not been observed to oviposit prior to copulation. Fol- 
lowing engorgement and copulation, it oviposits less regularly than turi- 
cata under similar laboratory conditions. In Wyoming and Montana 
stock, which we have used most extensively, there is a marked tendency 
toward a rest period through the winter and early sjiring months. Table 
6 shows the dates of engorgement and copulation, the appearance of the 
first eggs and of the first larvae, with the total number of eggs and larvae 
each of 11 females. It includes data on Wyoming, Utah, Nevada, 
Washington, and California stock. In the case of the female from Utah, 
and one from Wyoming, data for 2 successive ovipositions are given. 
The shortest interval between engorgement and oviposition was 17 days 
and the longest 120. The largest number of eggs deposited at one ovi- 
position was 377 and the average 222. 

■, SUMMARY ■ ■ 

distribution, type areas, habitats, and natural and experi- 
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mental hosts of the argasid tick, Ornithodoros parkeri, are given and 

observations on feeding habits, coxal fluid, longevity, copulation, molt- 

ing, oviposition, cannibalism and its relation to relapsing fever, Rocky 

Mountain spotted fever, American Q fever and tularaemia are presented. 
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A NEW SPECIES OF ORNITHODOROS TICK FROM 
NEVADA (ACARINA: IXODOIDEA) 

Barbara Catherine McIvor 

Division of Preventive Medicine, University of California Medical School, 

San Francisco, California 

Ornithodoros cooleyi n. sp. 

(Figs. 1-5) 

Adult female. (Male not known.) 

Body: Length 12 mm, width 7 mm. Ovate-oblong, somewhat narrowed and 
with margin rather sharply rounded anteriorly, hood not visible dorsally. Integu- 
ment medium thick, sandy in color in the unengorged specimen. True discs absent, 
unmammillated tracts present, appearing as furrows in the uneiigorged tick. Numer- 
ous pit-like depressions present. Microscopically, integument irregularly mammil- 
lated, mammillae surrounded by sinuous grooves. Dorsally, sculpturing consists of 
rather shallow, bilaterally arranged depressions with a shallow median posterior 
groove, anterior marginal groove indistinct and broadly U-shaped. Margin of body 
rounded in unengorged specimen. Ventrally, integument similar to that of dorsum. 
Eyes lacking. Sub-coxal and supra-coxal folds not well marked. Supra-coxal folds 
extending anteriorly to form the margins of the hood, supra-coxal grooves extending 
laterally to coxae IV, expanding into triangular depressions surrounding the spira- 
cles. Supra-coxal folds not diverging to form a notch in the lateral margins of the 
body. Sub-coxal folds originating at the base of coxae II expanding and extending 
to coxae IV. Median post-anal groove not w'ell marked. Transverse pre-anal and 
post-anal grooves absent. 

Anns: Ovate. 

Spiracles: Located in triangular expansions of the supra-coxal grooves dorsal 
and slightly anterior to coxae IV. Spiracle circular, with a circular plate. 

Hood: Large, broadly pointed anteriorly. 

Capitulum: VHctd in a poorly defined camerastome, with few hairs. 

Hypostome : Slightly lanceolate, of fair size, apex emarginate. Dentition: 
Crowned with three or four semi-circular rows of minute teeth followed by two 
semi-circular row's of slightly larger teeth. Principal dentition consisting of two 
bilateral row'S of five large teeth. Posterior to these a group of five smaller teeth. 

Palpi: Comparatively long and slender. 

Legs: Slender, coxae progressively smaller from I to IV. Coxae II, III and IV 
contiguous; coxae I and II separated. Tarsus I equipped with three well defined 
diagnostic protuberances wdth a Haller’s organ separating the distal two ; claws sur- 
rounded by spines. Tarsus IV equipped with one well defined protuberance above 
the claws, claws surrounded by spines, one lanceolate spine present at the apex of 
the distal protuberance, numerous hairs present on the tarsus. 

Locality: Taken near Rox, Lincoln County, Nevada. 

Holotype: Deposited in the California Academy of Sciences, Golden Gate Park, 
San Francisco. 

Received for publication, November 18, 1940. 
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THE RELATION OF PHYSID AND PLANORBID SNAILS TO 
THE LIFE CYCLE OF THE STRIGEID TREMATODE, 
COTYLURUS FLABELLIFORMIS (FAUST, 1917)^ 


W. W. CoRT, Louis Olivier, and Sterling Brackett 


The first account of any stage in the life cycle of the duck strigeid, 
Cotyliirus flaheJhjormis, was given by Faust (1917a and b), who de- 
scribed as Cere aria flahellijormis a strigeid metacercaria which he found 
parasitic in rediae in Physa gyriiia Say. These rediae also contained 
daughter rediae, and at the time Faust thought that they belonged to the 
life cycle of the strigeid. Hughes (1929) gave a more complete descrip- 
tion of Faust’s metacercaria and called it Tcfracotyle flahellijormis. His 
material came from 9 specimens of Lymnaea stagnalis perampla Walker 
and from one specimen of Helisoma cainpamilatiim smithii (Baker). 
He noted that in the planorbid some of the tetracotyles were inside the 
sporocysts of another trematode. Cort (1917) gave a preliminary de- 
scription of a strigeid from a species of Physa and named it Cercaria 
douglasij and Cort and Brooks (1928) identified as C. douglasi 
cercariae found in Stagnicola emarginata augulata (Sowerby), Lymnaea 
stagnalis appressa Say, L. stagnalis perampla, and Physa parkeri Currier. 
Their description was actually made from the cercariae obtained from 
three specimens of the varieties of L. stagnalis. Van Haitsma (1931) 
fed tetracotyles which he identified as T. flahellijormis, to domestic ducks 
and obtained adult strigeids belonging to the genus Cotylnrus. The name 
of the species, therefore, became C. flahellijormis (Faust, 1917). Most 
of the tetracotyles used by Van Haitsma in his feeding experiments came 
from natural infections of lymnaeid snails although he also used a natural 
infection from Helisoma trivolvis (Say). In one of his experimental 
infections he utilized metacercariae which had developed in the varieties 
of L. stagnalis from experimental infections with the cercariae from these 
same hosts. It has recently been shown (Olivier and Cort, 1941) that 
the cercariae described by Cort (1917) and Cort and Brooks (1928) are 
actually two distinct species: C. douglasi Cort, 1917 (nec Cort and 
Brooks, 1928) which occurs only in Physa spp. and the cercaria of 
C. flahellijormis (= C. douglasi Cort and Brooks, 1928) which parasitizes 
only lymnaeids. 


Received for publication, November 27, 1940. 

1 From the University of Michigan Biological Station and the Department of 
Helminthology, School of Hygiene and Public Health, the Johns Plopkins University. 
This paper is the third of a series on the researches on the second intermediate host 
relations of Cotylnrus flahellijormis carried out in the Douglas Lake region beginning 
with the summer of 1932. The first paper in this series was by Winfield (1932) and 
the second by Nolf and Cort (1933). 
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In can be seen from the discussion given above, that the metacercarial 
stage of C. flab clli for mis has been reported from snails belonging to three 
families, viz., Lymnaeidae, Physidae, and Planorbidae. We found, 
however, in a series of preliminary experiments that in many cases de- 
velopment of the metacercariae could not be obtained in physid and 
])lanorI)id snails exposed to the cercariae of C. flahellijormis, whereas 
lymnaeids were always successfully infected. It was decided, therefore, 
to carry out further experiments on the relations of these snails to the 
life cycle of this strigeid. In all, 13 experiments were performed in the 
summers of 1935, 1936, 1937, and 1940. The results, without exception, 
showed that physid and planorbid snails, negative for cercarial infections, 
were entirely unsuitable second intermediate hosts for the development 
of the metacercariae of C. flab ell if or mis. When, however, these snails 
were infected with the sporocysts and rediae of certain species of cer- 
cariae, the metacercariae of C. ftabelliformis developed normally in them 
to tlie tetracotyle stage. 

materials and methods 

Water containing cercariae of C. flahelliformis that had escaped from 
infected specimens of the varieties of L. stagnalis was poured into aquaria 
containing l3minaeid snails, for controls, and either physids or planorbids 
some of which were known to harbor infections of cercariae. Large 
numbers of the cercariae of C. ftabelliformis, usually from several snails, 
were used, and frequently the exposure was continued for several days. 
In every experiment some of the snails died before the date of exami- 
nation. These are entirely omitted from the protocols. Before the con- 
trols were placed in the experiments, examinations of some of the snails 
from the same collections were made for natural infections of tetracotyles ; 
and before the experimental physids or planorbids were put in some of 
them were also examined. 

The experiments were terminated from about 10 days to a month after 
the last exposure to the cercariae. At the time of examination each snail 
was carefully removed from its shell and all parts except the foot were 
teased apart as completely as possible. Since the metacercariae of 
C. flabellifonnis normally develop in the hermaphroditic gland, the whole 
digestive gland in which this organ is embedded was always most care- 
fully examined. The metacercariae were then counted and the stage of 
development recorded. The counts in the protocols are obviously always 
somewhat less than the actual numbers of the metacercariae present, since 
it is almost impossible to tease apart all the snail tissues to such a degree 
that all of them would be freed. 

The developmentaL stages of the metacercariae of C. fl.abelliforniis 
have never been described but the morphology of the same stages has 
been given for the closely related European species, Cotylurns cornutiis 
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(Riicl.) (c£. Szidat, 1924, and Wesenberg-Lund, 1934, PL XXV). When 
the cercaria penetrates into the snail it loses its tail and the body soon 
begins to enlarge. In about 10 days it has grown five to six times the 
length of the cercarial body and has become very broad and thick. The 
internal structures become very loosely organized and the space is occu- 
pied by stellate cells widely separated by large fluid-filled spaces. After 
maximum size is reached the tissues begin to be reorganized and con- 
densed, the size decreases, and the hold-fast organ, the lateral cups, and 
other structures of the tetracotyle are formed. During this reorganiza- 
tion the cystogenous glands become prominent and a narrower hind-body 
is set off from the fore-body. The fully formed metacercaria (tetra- 
cotyle) is about one-third the length of the largest stage and is sur- 
rounded by a secreted cyst. The metacercariae I'ecovered in our experi- 
ments were classified into three groups according to age, viz., (1) 
“developing” (all stages up to the largest size and those beginning to 
reorganize), (2) “pre-cysts” (those with a distinct hind-body but without 
any cyst wall), (3) “cysts” (those surrounded by a cyst wall). 

Protocols for only eight of the thirteen experiments are included 
since five were unsatisfactory due to death of controls, lack of previous 
examination of controls or experimental snails for natviral infection, or 
because of the death of too large a proportion of the experimental snails 
that harbored cercarial infections. 

The following planorbid and physid snails were use in the experi- 
ments : 

Helisoma trivolvis (Say) 

H , campmulatum smithii 
H. antrosiim percarinatum (Walker) 

Plmorbiila armigera (Say) 

Physa gyrina Say 
P. parkeri Currier 

The lymnaeid controls wei'e : 

Lymnaea stagnalis appressa Say 
L, stagnalis parampla Walker 
Stagnicola palnstris elodes (Say) 

The following larval trematode infections were found in the examina- 
tions of the experimental snails : 

Cer. Clinostomnm marginatum (Rud.) (cf. Hunter and Hunter, 1935; 
Krull, 1934a). 

Cer. Macroderoides typiciis (Winfield) (cf. McMullen, 1935). 

Cer. 'n/f/Wi/jT Linton (cf, Beaver, 1939). 

Cer. Triganodistoiviuni mutabile (Coi*t) Cere aria eum mutahile 

Cort, 1918) (cf. Wallace, 1939). 
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Cer. Apaiemon sphaerocephalus (=Cercaria burti Miller, 1923) (cf. 
Willey and Rabinowitz, 1938). 

Cercaria dohema Cort and Brackett, 1937. 

CtT,Psilostommn ondatrae Vrict {ci.PttKYtv, 19Z9), 

Ctv. Alaria intermedia {OlivitY ^.ndOd\^ng, 1938) (cf. Odlaug, 1940). 

Cercaria physae Cort diYid Brooks 

Cer. Uvidijer amblopldtis (Hughes) A Cercaria bessiae Cort and 
Brooks, 1928) (cf. Krull, 1934 b; Hunter and Hunter, 1935). 

Cercaria elephantis CortA^^7. 

Protocols of Experiments in Which Snails of tpie Families Planorbidae and 
Physidae Were Exposed to the Cercariae of Cotylurus flabelliformis 


Experiment 1 

Experimental snails : H. trivolvis. 

Examination for natural infections : (none made) 

F2xposed to cercariae of C. flabelliformis, 6/23-7/28/37, 

23 surviving snails examined, 7/2k/37. 

Results of examination : 

20 without cercarial infection : 

14 had no metacercariae. 

6 had a total of 15 metacercariae (4 cysts, 2 pre-cysts, 9 developing). 
2 with cer, C. marginatum: 


188 and 64 metacercariae (52 cysts, 200 pre-cysts and developing). 

1 with cer. M. typicus: 

162 metacercariae (62 cysts, 100 developing). 

Control snails : L. stagnalis appressa and L. stagnalis pcrampla. 

Examination for natural infection : 

20 without cercarial infection : 

17 had no metacercariae 
3 had a total of 4 metacercariae (cysts) 

Examination for experimental infection : 

8 without cercarial infection : 

68-779, ave. 519 metacercariae (18% cysts, 1% pre-cysts, 81% 
developing) . 

Comment : One of the controls had an infection of the cercaria of C. flabellL 
for mis which came to maturity during the course of the experiment. This accounts 
for the heavy metacercarial infections and for the presence of all stages of develop- 
ment. 

Experiment 2 


Experiment snails : H, campanulatmn smithii. 

Examination for natural infection : (none made) 

Exposed to cercariae of C. flabelliformis, 6/23-7/2/37, 

12 surviving snails examined, 7/13/37. 

Results of examination : 

5 without cercarial infection : 

2 had no metacercariae. 

3 had a total of 6 metacercariae (2 cysts, 4 developing) . 

4 with CQT. M. typicus: 

7, 9, 27, and 37 metacercariae (8 cysts, 35 pre-cysts, 32 developing) 
1 with cer. C, marginatum: 

3 metacercariae (cysts). 

1 with cer. F. 

17 metacercariae (3 pre-cysts, 14 developing). 
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1 with both cer. M. typicus and cer. U. ambloplitis: 

19 metacercariae (pre-cysts). 

Control snails : L. stagnalis appressa and L. stagnalis perampla. 

Examination for natural infection: (same as experiment 1), 

Examination for experimental infection : 

7 without cercarial infection: 

26-211, ave. 105 metacercariae (1% cysts, 28% pre-cysts, 71% 
developing). 

Exi^eriment 3 

Experimental snails : H. antrosum percarinatum. 

Examination for natural infection : 

14 without cercarial infection : 

no metacercariae. 

5 with cer. T. mutabile: 

no metacercariae. 

1 with C. dohema: 

no metacercariae. 

Exposed to cercariae of C. flabelliformis, 8/1-3/40. 

41 surviving snails examined, 8/11-13/40. 

Results of examination : 

25 without cercarial infection : 

no metacercariae. 

10 with cer. T. mutabile: 

11-153, ave. 88 metacercariae (about 40 cysts, a number of pre-cysts, 
majority developing). 

5 with cer. A. sphaerocephalus : 

55-218, ave. 124 metacercariae (about same stages as in snails in- 
fected with cer. T. mutabile). 

1 with C. dohema: 

44 metacercariae (a few' pre-cysts, most developing) . 

Control snails : vS. palustris el odes. 

Examination for natural infection : 

14 without cercarial infection : 
no metacercariae. 

Examination for experimental infection : 

9 without cercarial infection : 

20-268, ave. 156 metacercariae (all developing). 

Comment : The controls from all the 1940 series of experiments were specimens 
of S. palustris elodes from the same collection. Therefore, the examinations for 
natural infections of controls will be the same in all. 

Experiment 4 

Experimental snails : H. un/fojzim 

Examination for natural infection : 

5 without cercarial infection : 

no metacercariae. 

1 -ssiilih ctt . P . ondatrae : 
no metacercariae. 

1 with unidentified xiphidio-cercariae : 
no metacercariae. 

Exposed to cercariae of C. 8/12-20/36. 

59 surviving snails examined, 8/28-29/36. 

Results of examination: 

47 without cercarial infection : 
no metacercariae. 
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4 with cer. A. sphaeroc ephalus : 

^ 538-751, ave. 631 metacercariae (3 pre-cysts, all the rest developing) 
4 with cer. P. ondatrae: 

46-410, ave. 216 metacercariae (all developing). 

2 with cer. T. mutabile: 

0 and 30 metacercariae (developing). 

2 with cer. M. typicus: 

5 and 142 metacercariae (developing). 

Control snails : none used. 

Experiment 5 

Experimental snails : P. crniigerci. 

Examination for natural infection : 

16 without cercarial infection : 
no metacercariae. 

Exposed to cercariae of C. fiabelliformis, 7/21-24/40. 

76 surviving snails examined, 8/10/40. 

Results of examination : 

72 without cercarial infection : 
no metacercariae. 

2 with unidentified xiphidio-cercaria : 

79 and 249 metacercariae (mostly cysts, a few pre-cysts and de- 
veloping). 

2 with cer. A. intermedia : 

224 and 298 metacercariae (a few cysts and pre-cysts, most de- 
veloping). 

Control snails : S. pahtstris elodes. 

Examination for natural infection : 

(same as experiment 3). 

Examination for experimental infection : 

6 without cercarial infection : 

126-383, ave 236 metacercariae (1% cysts, 6% pre-cysts, 93% devel- 
Oping). 

Experiment 6 

Experimental snails : P. gyrina. 

Examination for natural infection : 

13 without cercarial infection: 

10 had no metacercariae. 

9 6 developing). 

no metacercariae. 

3 with echinostome cercaria : 

2 had no metacercariae. 

1 had 1 metacercaria (pre-cyst). 

Exposed to cercariae of C. flabelUformis, 7/25-29/40 
82 surviving snails examined, 8/12-13/40. 

Results of examination : 

36 without cercarial infection : 

21 had no metacercariae. 

27 withcSywT’ of 44 metacercariae (37 cysts. 7 pre-cysts). 

cysts, 33% pre-cysts, S% de- 

12 with echinostome cercaria : 

, 86 metacercariae (almost all encysted) 

4 with remferid cercaria : 

0, 122, 217, and 265 metacercariae (96% cysts, 4% pre-cysts). 
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3 with cer. A. sphaerocephalns : 

20, 80, and 217 metacercariae (96% cysts, 4% pre-cysts). 

Control snails: S. palustris elodes. 

Examination for naturalinfection : 

(same as experiment 3). 

Examination for experimental infection : 

2 without cercarial infection : 

31 and 224 metacercariae (3% pre-cysts, 97% developing). 
Comment : The natural infection of the experimental snails was probably the 
metacercarial stage of C. douglasi (see discussion). C. douglasi was found in the 
summer of 1940 in one specimen of P. gyrina from the beach where the experimental 
snails used in experiment 6 were collected. 

The echinostome cercariae in this experiment and experiment 8 probably be- 
longed either to Echinostoma revolutum or Echinoparyphiimi recnrvatum, the cer- 
cariae of which are difficult to distinguish and which are both found in the species of 
P/iyw in the region. 

The reniferid cercariae probably belonged to one of the two species for which 
the life cycles were described by Talbot (1933). As noted by this author it is almost 
impossible to make accurate identifications of these species from the cercaria only. 

Experiment 7 

Experimental snails : P. gyrina. 

Examination for natural infection : 

13 without cercarial infection: 
no metacercariae. 

Exposed to cercariae of C. flabcUijormis, 7/30/40. 

27 surviving snails examined, 8/14/40. 

Results of examination : 

25 without cercarial infection : 
no metacercariae. 

1 with C. physae: 

346 metacercariae (all cysts). 

1 with unidentified xiphidio-cercaria : 

46 metacercariae (all cysts). 

Control snails : S. palustris elodes. 

Examination for natural infection : 

(same as experiment 3). 

Examination for experimental infection : 

5 without cercarial infection : 

13-185, ave. 96 metacercariae (3% cysts, 73% pre-cysts, 24% de- 
veloping). 

Experiment 8 

Experimental snails : P. (large juveniles). 

Examination for natural infection : 

5 without cercarial infection : 

4 had no metacercariae. 

1 had 3 metacercariae (pre-cysts) (probably 

2 with C. physae : 

no metacercariae. 

3 with echinostome cercaria : 

no metacercariae. 

Exposed to cercariae of C. 7/31-8/1/40. 

57 surviving snails examined, 8/14/40. 

Results of examination: 

29 without cercarial infection : 

26 had no metacercariae. 

3 had 4 metacercariae (cysts) (prohzhly C. douglasi). 
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27 with echinostome cercaria : 

1 had no metacercariae. 

26 had 1“152, ave. 71 metacercariae (99% cysts, 1% pre-cysts), 

1 with C. physae: 

109 metacercariae (cysts). 

Control snails : 6'. palnstris elodes. 

Examination for natural infection : 

(same as experiment 3). 

Examination for experimental infection : 

5 without cercarial infection : 

7-92, ave. 38 metacercariae (37% cysts, 20% pre-cysts, 43% de- 
veloping). 

RESULTS OF EXAMINATION OF H. trivolviS NATURALLY EXPOSED TO 
INFECTION WITH THE CERCARIAE OF C. flabellijorfllis 

A collection of Helisoma trivohns was made during the summer of 
1940 from an area on Douglas Lake where large numbers of the varie- 
ties of L. stagnaHs lived in the same environment. Some of these 
iymnaeids were infected with the cercaria of C. flabeUijormis since six 
specimens infected with this species appeared in about 300 snails ex- 
amined. It seemed evident, therefore, that the snails in this area were 
being exposed to infection with this cercaria. 

Results of Examination of H. trivolvis (128 Specimens of Large and Medium 
Sized Adults) for Natural Infections with Metacercariae 
OF C. flabelliformis 

106 without cercarial infection : 

no metacercariae. 

12 with cer. C. marginatum : 

2 had no metacercariae. 

10 had 1-20, ave. 8 metacercariae. 

4 with cer. ilf. typicus: 

0, 29, 87, and 131 metacercariae. 

3 with cer. A. sphaerocephalus: 

26t 48, 434 metacercariae. 

1 with cer. U. ambloplitis : 

38 metacercariae. 

1 with C. elephantis: 

518 metacercariae. 

1 with immature stylet : 

110 metacercariae. 

Comment; Most of these metacercariae were fully developed tetracotyles, but 
there were also small numbers in all stages of development. 

DISCUSSION 

The data given above indicate that four species of planorbid and two 
of physid snails are unsuitable as second intermediate hosts for C. flabelli- 
formis unless they harbor infections with Certain species of cercariae. 
It is also evident from the experiments that the varieties oi L. stagnalis 
and S', palustris elodes are nonnal second intermediate hosts for this 
species. In fact we have found that the metacercariae of this strigeid 
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will develop in all the species of lymnaeid snails found in the Douglas 
Lake region, whether or not they are infected with larval trematodes.- 
Snails of the family Lymnaeidae, therefore, can be considered as the 
normal second intermediate hosts of C. flahelliformis. 

When the development does occur in the physid and planorbid snails 
it appears to be entirely normal. In fact, as mentioned earlier, Van 
Haitsma obtained adults of C. flab ellijor mis by feeding tetracotyles from 
a planorbid snail to a domestic duck. When physid and planorbid snails 
^ are exposed to the cercariae of C. flabellijormis, penetration occurs 

I whether or not the snails are infected with species of cercariae. In those 

that are uninfected the cercarial bodies do not develop and soon die. On 
one occasion three juveniles of P. parkeri, one adult of H. antrosum 
f percarinat'um, and one juvenile of Stagnicola emarginata angulata were 

j placed in, a small dish with large numbers of the cercariae of C. flabelli- 

1 jprmis and were observed under a binocular microscope. The cercariae 

I were seen to penetrate readily into all five snails and in a few minutes 

; numerous detached tails were found in the dish. Four days later when 

these snails were examined numerous dead cercarial bodies were found 
j in the specimens of Physa and Helisoma. The specimen of F. emarginata 

angulata contained numerous living cercarial bodies. Also, in one of the 
experiments with P. gyrina, presented above, it was observed that the 
snails showed great irritation after unusually large numbers of cercariae 
of C. flabellijormis had been poured into the aquarium. They reacted 
by moving the shell rapidly back and forth. This same reaction frequently 
I occurs when lymnaeid snails are exposed to large numbers of these 

j cercariae, and seems to result from the irritation produced by their 

,i penetration. 

In the physid and planorbid snails that had been successfully infected 
with larvae of C. flabellijormis, metacercariae were always found inside 
the sporocysts and rediae. When sporocysts were present a large propor- 
tion of the metacercariae were also found free in the dish probably be- 
cause the sporocysts were always broken up by the teasing of the digestive 
gland. Ill the infections with rediae (C. marginatum, T. mutabile, P. 
ondatrae, and the echi nos tomes) only a small proportion of the meta- 
cercariae were ever found outside the rediae. This seemed to be due to 
I the fact that few^ of the rediae were broken in the teasing of the prepara- 

tions. Also of interest in this connection is the specimen of P. gyrina in 
experiment 7, infected with an unidentified xiphidiocercaria. In this snail 
all of the sporocysts were in a clump well in front of the digestive gland. 
Examination showed that all the metacercariae were in these sporocysts 
and not a single one was found elsewhere. ’ From this evidence w^e con- 
; dude that in these abnormal hosts the metacercariae of C. flabellijormis 

^ 2 puj-ther discussion of these experiments will be reserved for a later paper. 

4 
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develop inside the sporocysts and rediae and, therefore, exhibit a form 
of hyperparasitism. 

The metacercariae of C. flabeUijormis may also be hyperparasites in 
normal hosts that harbor infections with various species of cercariae. In 
fact in our experimental infections of lymnaeid snails with this cercaria 
we have found the metacercariae inside sporocysts and rediae whenever 
they were present. Also, in the literature on larval trematodes, strigeid 
metacercariae, especially the fully developed tetracotyles, have frequently 
been reported and figured inside sporocysts and rediae. Such observa- 
tions are recorded in some of the earliest studies on trematode develop- 
ment.'^ 

Another significant point is that the development of the metacercarial 
stage inside sporocysts and rediae in an abnormal host is completed more 
rapidly than in the hermaphroditic gland of a normal host without cer- 
carial infection. While this is suggested in almost all of the experiments, 
it is shown most clearly in experiments 7 and 8, in which most of the 
metacercariae were encysted after two weeks in the physids harboring 
rediae or sporocysts while in the controls the majority were still in the 
*‘developing’V or ‘‘pre-cyst” stages. In normal hosts also, the develop- 
ment of the metacercariae is more rapid inside the sporocysts and rediae 
of infected individuals than in the hermaphroditic gland of those harbor- 
ing no cercaria! infections. 

A further point shown in the protocols is that a few metacercariae, 
including mature tetracotyles, were present in several phy si d and planor- 
bid snails that harbored neither rediae nor sporocysts. Those found in the 
physids were probably the metacercariae of C. douglasi, which is present 
in species of Physa in this region and which uses these same snails as 
normal second intermediate hosts. The metacercariae of C. douglasi are 
very similar to those of C. flabeUijormis, It is possible that the meta- 
cercariae found in experiments I and 2 in a few specimens of Helisoma 
which harbored no cercarial infections were really those of C. flabellifor- 
mis. Miss Ruby Wortham, who has examined large numbers of H. 
trivolvis from an area where this strigeid is present, informed us that in 
a few cases small numbers of tetracotyles were found in snails that did 
not harbor cercarial infections. Since it is impossible to tell from experi- 
ments 1 and 2 whether the metacercariae came from natural or experi- 
mental infections, the possibility is still present, however, that they were 
not those of C. flahellijormis but of some other closely related strigeid. 

It is difficult to understand just why the presence of sporocysts and 
rediae in physid and planorbid snails makes possible the development of 
the metacercariae of C. flabeUijormis, When these abnormal hosts are 

3 A discussion of these early findings is given by Wesenberg-Lund (1934, pp. 
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' uninfected with sporocysts or rediae the failure of the metacercariae to 

develop may be due either to an immune reaction that kills the cercariae 
after they penetrate or to the absence of suitable conditions for their per- 
sistence and development ; their death soon after penetration suggests a 
host reaction but it is possible that suitable food is not available. In the 
abnormal hosts already harboring cercarial infections the penetrating 
cercariae of C, flahelliformis apparently escape those unfavorable condi- 
tions by entering the sporocysts or rediae. Here, as hyperparasites, they 
f find protection from adverse host reactions, entirely escape unfavorable 

conditions in the tissues, and obtain substances for food that have been 
prepared by the sporocysts or rediae for their developing progeny. It 
I seems probable, since they develop more rapidly under these conditions 

I than in the tissues of the normal host, that improved nutrition is an im- 

portant factor in their successful development. 

SUMMARY 

I Various species of the family Lymnaeidae are the usual second inter- 

mediate hosts of the duck strigeid, Cofylurus fiabelhforrms. The cer- 
cariae of this strigeid, however, penetrate into planorbid and physid 
snails, but develop only in those individuals that harbor sporocysts and 
rediae of larval trematodes ; in uninfected snails they do not develop and 
soon die. The development of the metacercariae in such abnormal hosts 
takes place inside the sporocysts and rediae where the tetracotyle stage 
is reached more quickly than in their noi*mal environment which is the 
hermaphroditic gland of lymnaeid species. It is suggested that when the 
r cercarial bodies penetrate into sporocysts or rediae, they are protected 

from any immune reaction of the abnormal host, and as hyperparasites, 

I are able to utilize very effectively in their nutrition the food material 

; which these trematode parasites have absorbed from the tissues of the 

! snail host and have prepared for the nourishment of their own develop- 

ing progeny. Since the development of the metacercariae inside the 
sporocysts and rediae in the abnormal host appears to be entirely normal, 
it seems very probable that physid and planoi'bid snails, which harbor 
i cercarial infections, may have a regular part as second intermediate hosts 

in carrying out the life cycle of C. flabelhformis, 
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I SPICULE LENGTH IN COOPERIA CURTICEI AS A MEASURE 

I OF FAVORABLE INTESTINAL ENVIRONMENT FOR 

r THIS INTESTINAL NEMATODE OF SHEEP 

) 

J. H. Tetley 

Massey Agricultural College, Palmerston North, New Zealand 

^ From a study of the distribution of trichostrongylids in the small intes- 

'' tine of the sheep Tetley (1937) concluded that their pai'ticular location was 

^ determined by the rate of response of incoming larvae to conditions within 

J the alimentary canal and that, following taking up their station, virile sub- 

, sequent stages of the parasites migrated to an inappreciable degree. It 

^ was further concluded that parasites were able to survive in a wider range 

j of area and physiological condition of the small intestine than they actually 

invaded. 

In pursuance of this investigation it was considered that comparative 
study of parasites recovered from different intestinal regions in a given host 
would add to information on their relation to the environment within the 
! given host. Thus comparison of the extent of their growth in various 

parts of the intestine by indicating something of the relative suitability of 
these regions for the parasites would be a step towards understanding how 
parasites come to select their chosen site of establishment. 

Length of spicules has been taken as a suitable index of growth, for the 
ease with which these structures may be measured with accuracy, and the 
1 fact that they are not affected by the various treatments preparatory to 

measurement, rendered them technically convenient to handle. Cooperia 
V curticei was chosen as a favorable species for investigation. Its extended 

I range of infection in the jejunum and the constancy of its frequency dis- 

* tribution made it likely that comparison could be carried out between sec- 

^ tions of a population between which there had been a minimum of inter- 

jj mingling. 

'I MATERIAL AND METHODS 

Ij Material was collected from infections acquired in the field by 

Romney cross bred sheep at Palmerston North, New Zealand. Ingesta 
|i, containing worms were removed from sections of the small intestine with 

as little disturbance of those adjoining as possible. Worms were pre- 
served in glycerin-alcohol. Measurements were made of glycerin jelly 
mounts using an ocular micrometer. 

RESULTS 

^ The results pertaining to three sheep are contained in Tables 1, 2, 

and 3. For convenience of tabulation the data have been grouped in 5 

, Received for publication, December 11, 1940. 
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Table \.~~The spicule measurements of Cooperia curticei from three sections of the 
small intestine as measured from the anterior end ( She 


Class 

(microns) 

Frequencies 

of spicule lengths, in micron classes, 
for intestinal sections : 

10-15 feet 

16-20 feet 

21-25 feet 

Total, 
10-25 feet 

111-115 

116-120 

121-125 

126-130 

131-135 

136-140 

141-145 

^ 146-150 

Total spicules measured ..... 
Mean length + P.E. . . . 

Standard deviation 

2 

30 

45 

76 

65 

26 

14 

2 

260 

128.7 ±0.3 
6.9 

6 

. 8 

15 

2 

1 

32 

129.5 ± 0.8 
6.7 

1 

16 

21 

33 

29 

19 

7 

2 

128 

129.0 ± 0.4 
7.1 

3 

52 

66 

117 

109 

47 

22 

4 

420 

12S.9 ± 0.2 

6.9 


Table 2.- 


-The spicule measurements of Cooperia curticei from five sections of the 
small intestme as measured from the anterior end {Sheep II) 


Class 


Frequencies of spicule lengths, in micron classes, for intestinal sections: 


If 

(microns) 

1-5 feet 

6-10 feet 

11-15 feet 

16-20 feet 

21-25 feet 

Total, 
1-25 feet 

121-125 


4 

9 


6 

19 

126-130 

3 

14 

2 

7 

13 

19 

16 

6 

if 1 

131-135 

19 

34 

o 

12 

44 

136-140 

5 

16 

8 

10 

2 

22 

96 


141-145 

4 

11 

18 

63 

1 

146-150 

3 

3 

6 

37 

Hi f 1 

151-155 



5 

— 

13 


156-160 

_ ■ ■ 




4 

4 

'M '1 

161-165 

_ 


2 



4 


Total 




— 

I 2 

'A “j 

spicules 

mea- 








sured 

Mean 

34 

82 

28 

68 

70 

282 

.a i 

length 
± P.E. 
Standard 

135.7 ± 0.6 

133.9 ± 0.4 

139.5 ± 1.1 

134.2 ± 0.6 

135.0 ± 0.4 

134.9 ± 0.3 

(W' ' 1 

devia- 






I'l 

tion 

5.1 

5.8 

8.4 

7.7 

5.5 

7.6 


Table 3.- 


-The spicule _ measurements of Cooperia curticei from five sections of the 
smalt intestine as measured from the anterior end {Sheep III) 


Class 

Frequencies of spicule lengths, in micron classes, for intestinal section-^ • 

8-10 feet 

11-12 feet 

13-14 feet 

17-18 feet 

23-24 feet 

Total, 
8-24 feet 


121-125 


3 

9 



— — 

126-130 

2 

3 

3 

9 

1 

8 

131-135 

16 

6 

25 

19 

9 

2 

2 

5 

15 

136-140 

10 

5 

. 5 

15 

67 

141-145 

5 

4 

5 

11 

50 

146-150 

■1 ' 1 

3 

2 

13 

33 

151-155 





1 


Total 




— 

1 '2 

2 

si)icules 

mea- 







sured 

Mean 

34 

24 

60 

16 

48 

182 

length 

±P.B. 

Standard 

135.5 ± 0.5 

135.3 + 1.0 

135.7 + 0.4 

133.7 + 1.0 

136.5 ± 0,6 

135.6 ± 0.3 

devia- 






tion 

4.6 

7.4 

4,8 

5.9 

6.4 

5.8 
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micron classes. Computations have been made, however, on the basis of 
one micron classes in which form the data had been originally collected. 

DISCUSSION 

The material having been obtained from infection acquired in the 
field, it is not possible to determine precisely the factors, specific and 
non-specific, that might have operated to cause particular portions of the 
worm population to Inhabit particular portions of the small intestine. 
This would be difficult were the material from pure infections of one age. 
It is concluded that the normal frequency distribution found in the data 
for spicule lengths for populations within the various regions of intestinal 
residence is indicative of the uniformity of the growth conditions for the 
majority of worms within those particular areas. If there had been a 
selective action, by factors imposed on the worms in the course of their 
establishment in those regions of the intestine which they were found to 
be inhabiting, it would be expected that some distinctive form of distribu- 
tion would have resulted and would have been recognizable. This 
assumption underlies the possibility that comparison of spicule lengths 
of the sub-populations of the various areas would indicate the relative 
favorability of the growth conditions for spicules within those areas. 
The fact that differences as between different sheep (see below) are thus 
recognizable lends support to the assumption, that differences within a 
given sheep would similarly be apparent. 

From Tables 1, 2 and 3 it can be seen that the means for spicule 
length of C. curticei for the different intestinal regions in which the para- 
site established itself, actually exhibited variance to only an insignificant 
degree. Between sheep I and, on the other hand, sheep II and III the 
means for the total numbers of spicules measured, differed materially, 
and to a statistically significant degree. The conclusion is therefore 
drawn that the sum of the effects of the various influencing factors dif- 
fered to a greater extent between sheep than between regions of residence 
in the same sheep. This is another way of saying that from the point of 
view of growth to maturity the regions for which data were available 
displayed no significant differences in favorability. 

SUMMARY 

In material from field-acquired infections comparison was made of 
the lengths of spicules of Cooperia curticei found in different parts of the 
small intestine of sheep. While inter-host differences in the mean 
lengths of spicules were statistically demonstrable, intra-host differences 
as between different levels of intestinal residence, were not apparent. 
It is concluded that in regard to favorability for growth all parts of the 
whole intestinal area in which the wmrnis established themselves, and 
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from which they were selectively measured for spicule length, were equally 
acceptable to this nematode parasite. 
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HAEMONCHUS CONTORTUS EGGS: COMPARISON OF 

THOSE IN UTERO WITH THOSE RECOVERED ; 

FROM FECES, AND A STATISTICAL METHOD 
FOR IDENTIFYING H. CONTORTUS EGGS 
IN MIXED INFECTIONS 

J. H. Tetley^ 

Massey Agricultural College, Palmerston North, New Zealand 

By confining attention to the cores of the frequency distribution of 
lengths plotted against widths, the author (1935) found that it was pos- 
sible to distinguish between the greater number of eggs of Nematodirus 
filicollis and N, spathiger. Shorb (1939, 1940) has applied the method 
to eggs dissected from worms of other species of trichostrongylids found 
in ruminants. 

For the reason that normal practice requires identihcation of eggs 
voided in feces it seemed desirable that comparison should be made be- 
tween eggs dissected from females and those which had been recovered 
from feces by ordinary isolation techniques. Tetley (1941) found that 
among species of N efnatodirits eggs obtained from feces and measured 
in the course of making dilution counts by the Stoll method no change in 
form from that of eggs freshly dissected from females could be detected. 

In the present account the, by contrast, thin-shelled eggs of Haeinonchus 
contortus are considered. 

METHODS AND MATERIALS 

An ocular micrometer was used in measuring eggs. Dissections of 
eggs from females and measurements were carried out on fresh material, 
within a few hours of the death of the host. Eggs of fecal origin were 
measured partly in the course of making dilution counts by the Stoll 
method and on other occasions following isolation by a centrifugal method 
that involved flotation in saturated salt solution. 

With the exception of the data fx-om sheep VI and VII of a Dorset- 
Shropshire cross, located at the Rockefeller Institute for Medical Re- 
search, Princeton, New Jersey, the bulk of the data was derived from 
Romney cross sheep at Palmerston North, New Zealand. 

Sheep I: Slaughtering date: May 20, 1937. Age: Eight to nine 
months. Ninety-seven segmented eggs were dissected from 8 females of 
H. contorHiS B.ndmtRsmed, The results are contained in Table 1. Eggs ■ 

Received for publication, December 21, 1940. '..■-■y::.. ■ J 

^ The writer is indebted to Dr. Norman R. Stoll of the Rockefeller Institute for j 

Medical Research, Princeton, N. J., for some of the material used in the investigation ■ 

and for helpful criticism. j 
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were also dissected from females of a number of other species present. 
The range of distribution of all species has been plotted in Fig. 1. 

Sheep II: Slaughtering date : March 11, 1936. Age: Seven to eight 
months. One hundred and eighty-four segmented eggs were dissected 
from 4 worms taken at random, and measured. Results are contained in 
Table 1. 


60 


55 

CO 

§50 

n:45 

5 

40 


35 

30 

Fig. 1. Range of measurements of eggs dissected from Haemonchits contorPiis, 
Coopcria cnrticei, Trichosfrojigylus axei, T. colubrijormis (?), T. vitrimis (?), 
Osfertagia species, Chaberfia ovina and Bunostomnm frigoiwcephalum from sheep. 
For details of the Haemonchus data see Table 1. The relative disposition of the 
specific groupings approximates to that found among eggs from feces in mixed infec- 
tions ('Fig. 8). 

Sheep III: Slaughtering date : March 16, 1936. Age: Seven to eight 
months. Two hundred and thirty-four segmented eggs were dissected 
from 8 worms selected at random, and measured. Results are contained 
in Table 1. 

Sheep IV: Slaughtering date : March 5, 1932. Age: Seven to eight 
months. From 4 females of Haemonchus contort us taken at random, 
77 segmented eggs were dissected and measured. The results are con- 
tained ill Table 1 and Fig. 2. 

Sheep V : Slaughtering date: May 26, 1935. Age: Five years. At 
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autopsy 750 females of H, contortus and a few individuals of Ostertagia 
circumcinctaj 0. trijiircata and Trichostrongylus axei were found. One 
hundred and twenty-seven eggs were broken out from 4 females of H. 
contortus taken at random, and measured. These results are summa- 
rized in Table 1. Measurements of eggs found in feces in the course of 
making dilution counts by the Stoll method were made at intervals over 
a period of approximately three years. The aggregated results from this 
latter source are plotted in Fig. 4. Measurements of fecal eggs made at 
the time of autopsy have been replotted in Fig. 3. 

Sheep VI and VII: Date of fecal sampling: May 7, 1940. Age of 
sheep : Over one year. Pure infections of H, contortus were present in 
these two animals. Eggs were secured from freshly collected feces by 
means of a centrifugal flotation method, using saturated salt solution. 
Measurements were made of 60 eggs from each animal and these are 
plotted in Figs. S and 6 respectively. 

Flock of fifty sheep: Dates of fecal sampling: Between March 7,1935, 
and January 21, 1936. Age of sheep: Five years and older. Measure- 
ments of eggs were obtained in the course of making counts by the Stoll 
dilution technique of eggs in periodically collected samples of feces from 
a flock of 50 sheep. These are plotted in Fig. 8. 

ANALYSIS OF DATA 

A statistical analysis of the data has been made. This is set out in 
Table 1. Means for aggregated results were computed from the totals of 
eggs from sheep, not from the means for individual worms. The popu- 
lations of eggs have been regarded as having a bivariate normal fre- 
quency distribution and accordingly formulae relating to such distribu- 
tions have been applied to the data. The small amount of negative cor- 
relation between the two axes has been ignored. Statistical ranges of 
means plus and minus respectively 0.6745 and twice the standard devia- 
tions which in a universe would enclose respectively 25 per cent and 91.2 
per cent of the population have been calculated for the data, to the nearest 
micron. 

Fig. 2. Length plotted against width of eggs dissected from Haemonckus con- 
tortiis from sheep IV (see Table 1). The bivariate normal frequency distribution is 
typical for eggs dissected from worms from other sheep (see Table I and Fig. 7). 
Width of eggs dissected from worms tends to be less than that of eggs obtained from 
feces (see Figs. 3, 5, and 6). * 

Fig. 3. Length plotted against width of eggs of Haemonckus coniorttis oh- 
tained from feces of sheep V at autopsy (see Table 1). The grouping persisted for 
eggs from the feces of the same animal over three years (see Fig. 4) and coincided 
with a group among the measurements of eggs from feces in 50 mixed infections 
(see Fig. 8). 

Figs. 5 and 6. Length plotted against width of eggs of Haemonchns contortus 
from the feces of sheep VI and VII, respectively. Width is similar to that of eggs 
from the feces of sheep V (Fig. 3) though length is less. 
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COMPARISON OF EGGS DISSECTED FROM WORMS WITH TPIOSE 
OF FECAL ORIGIN 

It is concluded that, as H. contort us found in sheep V at post mortem 
considerably outnumbered other species and because the egg-laying rate 
of the former species is known to exceed that of other trichostrongylids 
found in sheep, the measurements of eggs from feces obtained from this 
sheep at the time of autopsy (Fig. 3) may be regarded as differing in- 
significantly from what might have been derived from a pure infection. 

The methods of sampling material for measurement differed between 
the two series. Eggs of fecal origin were the contributions of many 
worms which individually were represented in the total in proportion to 
their fecundity. On the other hand eggs dissected from worms were 
obtained from a small fraction of the entire population of parasites and 
further, the numbers measured were not numerically related to the 
potential egg-laying rate of the individuals dissected. 

In regard to the worms used for dissection it is concluded, from the 
bivariate normal frequency distribution of the means of the axes of eggs 
from individuals (Fig. 7), that the samples adequately represented the 
general population of worms. 

The similar coefficients of variation for fecal eggs from sheep V and 
for the aggregated results from dissections, respectively 4.0 per cent and 
4.9 per cent for lengths and 3.8 per cent and 5.3 per cent for widths, w'ere 
indicative that any error arising from disregarding the rate of egg- 
laying was insufficient to invalidate comparison of the tw^o series of data. 
It follow^s that in computing means for dissected-out-eggs there w-as little 
difference betw^een values derived from averaging the aggregated data, 
and the unw^eighted values from averaging the means for individual 
worms. 

As shown in Table 1 means for the aggregated data for eggs from 
dissections were found to be 76.6rdb 0.09 p by 41.25 zb 0,05 p and those 
for fecal eggs from sheep V 78.49 dz 0.19 p by 44.90 zb 0.11 p. Thus it 
is seen that they reflect the relation betw^een the two series of data showm 
in the range of fluctuation (Figs. 7 and 3), wffiich involved almost com- 
plete overlapping of the long axes but, in regard to the short axes, a lesser 
degree of overlapping. 

A small degree of negative or an absence of correlation w^as displayed 
betw’'een the long and the short axes (Figs. 3 and 7) . 

From the foregoing it is evident that the most marked difference be- 
tw^een the twn series of data was in connection wdth mean width. This 
is the dimension wdiich would be expected to be most affected by any 
change in volume due to increase in internal pressure in eggs. How^ever, 
wdiat factors w^ere operating between the time of laying of the eggs and the 
examination of the eggs under the microscope and w^ere instrumental in 
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Fig. 8. Showing that a curve based on measurements of Haemonchtis contortiis 
eggs from the feces of sheep V and computed to enclose 91.2 per cent of the population 
of eggs fits a group of measurements of eggs from the feces of 50 mixed infections. 


causing the change in volume are not indicated by the data. It is pos- 
sible that the technical methods used were not entirely responsible. 

Conclusions as to differences among the data of fecal origin from 
sheep V, VI and VII cannot be drawn. The latter two sheep, of differ- 
ent breed from sheep V, contained experimentally administered small 
infections of H. contortus and had been maintained indoors; further, 
another technique, centrifugal flotation, had been used in isolating the 
eggs from feces; then also there was the possible existence of strains 
among the parasites and of other factors associated with the geographi- 
cally widely separated origin of the material ; these all, conceivably, might 
have contributed causallv to the differences. 
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APPLICATION OF RESULTS IN THE IDENTIFICATION OF EGGS 
VOIDED IN FECES 

When plotted, the complete data relating to eggs of fecal origin from 
sheep V and from the flock of 50 sheep fell into groups between which 
there were various degrees of overlapping (Figs. 4 and 8). In each 
series a group coincided with that established for H, confortus from mea- 
surements made on eggs from feces of sheep V collected at the time of 
autopsy (Fig. 3). The conclusion is that, as the identity of the H. 
contort us grouping was well defined in data collected from the one sheep 
over a period of three years and from the flock of 50 sheen over cever^l 


vjr £.uos dissected FROM WORMS 
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o£ their use in the specific identification of females in certain genera, at 
present distinguishable only with difficulty. 


SUMMARY 

Measurements of eggs of Haemonchus contort us were made in New 
Zealand, using material derived partly from dissections of females and 
partly from the feces of sheep. Standard techniques were used. 

It was concluded that swelling of eggs took place during the interval 
between laying and the time of their examination under the microscope. 

When lengths of eggs were plotted against widths the population had 
a bivariate normal frequency distribution. 

The statistical range of means plus and minus twice the standard 
deviation (theoretically enclosing 91.2 per cent of the population) for 
eggs from feces treated by the Stoll technique was found to be 72-85 p 
by 41-48 p. This range fitted a group in data collected by the same tech- 
nique from mixed infections in one sheep over three years and fifty 
sheep over several months. 

In mixed infections where overlapping in dimensions by other species 
takes place it is suggested that the smaller range, 76-81 p by 44-46 p 
(means plus and minus 0.6745 the standard deviation and theoretically 
enclosing 25 per cent of the population), would enable the more accurate 
estimation of the numbers of Haemonchus eggs present. It is possible 
that the constants will be dependent on strain of parasites, technique used 
and host species or breed. 
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A CASE OF URINARY MYIASIS 

A female patient, age 32, reported to Dr. S. J. Olilhauseii, of Houston, Texas, 
that she noticed about a dozen maggots in a toilet bowl after urination. Uncertain 
whether the maggots were actually voided with the urine or had gotten into the 
toilet bowl from some other source, she urinated further into a dean pan and found 
three more living maggots, which she brought to Dr. Ohlhausen, who, after killing 
and preserving them in formalin, referred them to the writer for identification. 
Examination showed them to be third-stage larvae of a Lucilia. The size and spac- 
ing of the posterior stigmal plates and the eight lobes of the anterior spiracles sug- 
gests that it is either Lucilia sericata or a closely related species. 

The patient complained of pain in the bladder region and a burning sensation 
upon urination, which continued for several days after the worms were passed, 
although no more were found. The urinalysis on the day the worms were passed 
showed the following features : appearance, cloudy ; reaction, alkaline ; leucocytes, 
erythrocytes, Tf; epithelial cells, occasional; albumin, and a heavy, 

mixed flora of motile bacilli. A urinalysis made two days after passage of the 
worms still showed abundant leucocytes and erythrocytes. Examination of the 
vulva and vagina showed no abnormal conditions. The patient ofi'ered no informa- 
tion which would indicate the source of the infection. — Asa C. Chandler, Rice 
Institute, Houston, Texas. 

EXAMINATIONS OF WILD ANIMALS FOR THE CATTLE TICK 
BOOPHILUS ANNULATUS MICROPLUS (CAN.) IN FLORIDA 

The recent attempt to free Florida of the North American cattle tick, Boophilns 
annulatus (Say), and its southern variety, B. a. micro plus (Can.), by reducing the 
deer population in certain sections where this tick had not yielded to the usual eradi- 
cation procedure, offered an opportunity to make a collection of wild hosts in the re- 
maining “ticky” areas of the state. The majority of the collections were made during 
the months of November, December, January, and February, 1936-37, in collabora- 
tion with the U. S. Bureau of Animal Industry and the Florida State Livestock 
Board. A few records are included that w^ere made in June, 1933, by O. C. Van 
Hyning. The collections were from Orange, Osceola, and Collier Counties, where 
the cattle ticks were known to occur. Since the host-parasite relationships are well 
established for domestic animals, the few records for such animals are included here 
only to give data on species other than cattle ticks. The records for wild birds and 
animals that follow include fairly representative numbers of the principal forms in 
the region. Although the number of hosts examined in this survey is not large, it is 
thought that the records should be published because of the present active interest in 
this question. These records are in accord with experimental data gathered by re- 
search units and with observations made by many men working on the tick problem. 
They sustain the conclusion that wild birds and animals other than deer do not serve 
as hosts for cattle fever ticks.. In Table 1 are listed the 16 hosts with the 9 species 
of ticks collected. Following the table is a list of animals examined that harbored no 
ticks. The numbers in parentheses placed after the name of the hosts that were 
negative indicate the number of specimens examined. 

Of the 22 deer examined (all from Orange County), 4, which were killed in a 
large cypress swamp, were infested with cattle ticks, the average infestation being 69, 
with a range from 3 to 182. The 18 deer on which there were no cattle ticks were 
taken from pine flat woods. This absence of cattle ticks on deer taken from the 
woods appears to be correlated with a program of ranging cattle over the tick- 
infested areas and dipping them at regular intervals. In the swampy areas it has not 
been possible to control ticks with such a cattle-dipping program, because the cattle 
do not move about freely in the dense swamps frequented by deer. 
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Table 1. — Species of ticks collected from zvild and domesticated animals in the cattle 

tick areas of Florida 


Hosts 
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Species of ticks 


Birds 


Keel-bellied woodpecker, 
Centurus carolinus (L.) . . 
SoutlierD meadowlark, 
Bturmlla magna argutiila 

Bangs 

White-eyed towhee, 

Pipilo erpthrophthalmus 

alleni Cones 

Florida grasshopper sparrow, 
Ammodramus savminarum 
floridanus (Mearns) . . . . 
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Florida opossum, 

Didelphis virginiana pigra 

Bangs 

Florida raccoon, 

Procyofh lotor elucus Bangs. 
Florida gray fox, 

Urocyon cinereoargenteus 

poridamis Rhoads 

Florida bobcat, 

Lynse rufm floridanus (Raf.) 
Florida cotton mouse, 
Peromyscus gossypintis 

palmarius Bangs 

Florida cotton rat, 

Sigmodon hispidus Uttoralis 
Chapman .............. 

Florida cottontail, 

SyMlagus floridanus ftori- 

danus (Allen) 

Florida marsh rabbit, 
paJustris pahi dicola 

(Miller and Bangs) 

Florida deer, 

Odocoiletis osceola (Bangs). 

Hog 

Dog 

Man 


The following mammals were examined and found to have no ticks on them: 
Florida skunk, Mephitis elongata CEAngs) (3), Southern gray squirrel, Sciimis 
carolinensis carolinensis Gmelin (1), Southern fox squirrel, S. niger niger L, (2) , 
and horse (4). 

The following birds were examined and found to have no ticks on them : turkey 
Cathartes aura septentrionalis Wied. (2); Florida red-shouldered hawk, 
Buteo lineaius alleni Ridg. (2) ; Florida bob-white, Colinus virginianus floridanus 
(Goues) (2) I Florida turkey, Meleagris gallopavo osceola Scott (2); killdeer, 
Oxyechus vociferus vociferus (L.) (1) ; Eastern mourning dove, Zenaidura macroura 
carolinensis (L.) (2) ; Florida barred owly Strix varia alleni Ridg. (1) ; Florida 
burrowing owl, Speofyto cunicularia floridana Ridg. (2) ; chuck-will's widow, Antro- 
siomus carolinensis (Gmel.) (1) ; red-cockaded woodpecker, Dryobafes borealis 
(Vieill.) (2); crow, Corvus brachyrhynchos brachyrhync hos Brthm (with some 
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doubt about the identity of the subspecies) (2) ; brown-headed nuthatch, Sitta ptmlla 
pusilla Lath. (1); mockingbird, Mmuis polygloftos polyglottos (L.) (1) ; robin, 
Turdus migratoriiis migratorms L. (with some doubt about the identity of the sub- 
species) (2) ; bluebird, Sialia sialis grata Banks (with some doubt about the identity 
of the subspecies) (3) ; loggerhead shrike, Lanins hidovicianns hidovicianus L. (3) ; 
and grackle, Quiscalus qiiiscula aglaeiis Baird (with some doubt about the identity 
of the subspecies). 

Identifications of the ticks were by F. C. Bishopp, C. N. Smith, and H. L. Trem- 
bley of the Bureau of Entomology and Plant Quarantine. — Bernard V. Travis, 
Division of Insects Affecting Man and Animals^ Bureau of Entomology and Plant 
Quarantine, United States Department of Agrictdture. 

A COLLECTION OF OHIO TICKS AND THEIR HOSTS 

A collection of ticks in Ohio by the writer, assisted by Dr. Floyd B. Chapman, 
yielded the following information. There are forty records, including six records 
of retrapped animals. The hosts were seven mammalian species, three avian species, 
and four records of ticks collected from vegetation by a flagging method. Collec- 
tion was made during September, October, and November in 1936, and April 
through October in 1937. Three genera of ticks are recognized, including five 
species : Haemaphysalis leporis-palustris, Dermacentor variabiUs, Ixodes cookei, 
Ixodes diversifossus, Ixodes marxL 

1. Haemaphysalis leporis-palustris. 

A. Nile Twp., Scioto Co. 

1. Hosts — 22 rabbits (Sylvilagus floridanus mearnsi) 

(a) adults: May 5, June 28, 30, July 5, 10, 11, 12, ?, 13— all in 1937. 

(b) nymphs : Sept. 24, 27, Oct 4, 6, 26, Nov. 21 in 1936 ; Aug. 2, 1937. 

(c) larvae: Sept 27, Oct. 6, 1936; Aug. 7, 1937. 

2. Host — 1 catbird (Dumetella carolinensis) 

(a) adult : May 5, 1937. 

3. Host — 1 quail (Colinus virginianus virginianns) 

(a) nymph : Oct 26, 1936. 

B. Oxford Twp., Erie Co. 

1. Hosts — 4 rabbits (Sylvilagus floridanus mearnsi) 

(a) adults : July ?, 1937. 

(b) nymphs: Aug. 3 and 25, 1937. 

(c) larvae: Aug. 25, Sept 21, 1937. 

2. Host — 2 records collected from vegetation. 

(a) larvae : Aug. 20 and 28, 1937. 

C. Huron Co. (northern part). 

1. Flost — 1 starling (Sfurnus vulgaris vulgaris) 

(a) larva: Aug. 10, 1937. 

D. Licking Co. (Linville, O.). 

1. Host— 1 rabbit (Sylvilagus floridanus mearnsi) 

(a) nymphs: Sept 18, 1937. 

II. Dermacentor variabiUs. 

A. Nile Twp., Scioto Co. 

1. Host — 1 man 

(a) adult: 1 record between July and August, 1937. 

III. Ixodes cookei. 

A. Oxford Twp., Erie Co. 

1. Hosts— 2 woodchucks (Marmofa monax) 

(a) adults: Aug. 19, 28 in 1937. 

(b) nymphs : Aug. 19, 28 in 1937. 

(c) larvae: Aug. 19, 1937. 

2. Host — 1 opossum (Didelphis virginiana) 

(a) nymphs: Sept 4, 1937. 
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3* Host — 1 weasel (Mustek noveboracensis) 

fa) adults, nymphs, and larvae: all on Sept. 20, 1937. 

4. Host — 1 record collected from vegetation 

(a) nymph: Aug. 3, 1937 (identification not definitely settled). 

IV", Ixodes diversifossiis. 

A. Nile Twp., Scioto Co. 

1. Hosts — 3 rabbits (Sylvilagus floridanus mearnsi) 

(a) adults: Apr. 27, July 5 and 10, 1937. 

B. Oxford Twp., Erie Co. 

1. Host — i rabbit (Syknlagus floridamis mearnsi) 

(a) larvae: Aug. 25, 1937. 

2, Host — 1 record collected from vegetation. 

(a) nymph: July ?, 1937 (identification not definitely settled). 

V". Ixodes marxi. 

A. Nile Twp., Scioto Co. 

1. Host — I gray squirrel (Sciimis carolinensis carolinensis) 

(a) adult: Oct 3, 1936. 

B. Ashtabula Co. 

1. Host — 1 red squirrel (5amf.y 
(a) adult: Sept. 16, 1937. 

Hacmaphysalis leporis-palustris and 1. diver sifossus were found associated on 
two rabbits in Scioto Co., and one rabbit in Erie Co. /. cookei was recovered in 
all three developmental stages from one woodchuck and one weasel in Erie Co. 

This work was performed while a research fellow under Dr. L. E. Hicks at 
the Ohio Wildlife Research Station, Columbus, Ohio, 1936-1938. Tick species were 
determined by Dr. F. C. Bishopp and Miss H. L. Trembley of the Department of 
Agriculture, Washington, D. C. — Julius S. Katz, Junior Vet erimrian, IL. S. 
Bureau of Animal Industry, 

PTERODRILUS ALCICORNUS IN VIRGINIA 

In 1895 Moore described a curious branchiobdellid from John’s River, Watauga 
Co., North Carolina. This species he named Pterodrilus alcicornus md made it the 
type of his new genus, Pterodrilus, He named the species alcicornus from the dorsal 
appendages, ^‘Their shape being strongly suggestive of the antlers of a young moose.” 

Since this original specimen described by Moore, no more have been reported. 
Although the writer had extensive collections from the Eastern mountains during a 
recent survey of this group, no individual of this species was encountered; so it had 
to be considered a rare species known only from the type material. 

Recently in a collection of worms from Giles Co., Virginia, the writer was 
astonished to see two specimens of Pterodrilus alcicornus. These agreed in every 
way with Moore’s original descriptions. The specimens were sent by Dr. Horton 
H. Hobbs, Jr., of the University of Florida. They were taken from the crayfish, 
Cambarns bartoni, on August 13, 1940. The infected crayfish were collected in a 
rocky pool of a small mountain creek known locally as Sinking Creek near Mt. Lake, 
Giles Co., Virginia. 

Giles Co., Virginia, is about 120 miles north of the type locality, and is in the 
same type of country. Pterodrilus alcicornus is probably a species of a very local 
distribution confined to a small area of the Eastern mountains. While many species 
of branchiobdellids are wide ranging, some, especially mountain forms of the genus 
Pterodrilus, may be very restricted. This is, of course, the first record of this 
branchiobdellid from the state of Virginia.— Clarence J. Goodnight, Biology De- 
partment, Brooklyn College. 


IN MEMORIAM 


Adolpho Lutz (1855-1940) 

The death of Dr. Adolpho Lutz on October 6, 1940, terminated the 
career of one of the ablest and most distinguished scientists of the past 
generation. He was born in 1855 at Rio de Janeiro, of Swiss parents 
who came to Brazil in 1849. His father’s family had lived in Berne for 
more than five hundred years and his mother’s family resided in a neigh- 
boring canton. Adolpho Lutz was taken to Switzerland at the age of two 
and educated there. He graduated in medicine at the University of Berne 
in 1879 and was interne at the Hopital de St Gallen. He continued his 
training at Leipzig (with Leuckart), Prague, Vienna, London (with 
Lister), and Paris (with Pasteur). 

With this admirable preparation, he returned to Brazil in 1881 and 
began the practice of medicine in the interior of the state of Sao Paulo. 
His training with the European masters, however, had stimulated a deep 
interest in research and his work as a physician was augmented by inves- 
tigations of hookworm and other parasites, chiefly helminths. In 1888 
he returned to Europe, where he worked in the dermatological institute 
of Prof. Unna in Hamburg. He was then invited to direct the work on 
leprosy in Hawaii (1889-1891) where he met and married an English- 
woman, Amy Fowler, who had gone there as a volunteer nurse for the 
lepers. From Hawaii, Dr. Lutz went to California where he secured a 
license to practice medicine. But he soon (1892) returned to Brazil 
where he reestablished practice and became a member of the staff of the 
newdy organized Bacteriological Institute of Sao Paulo. Professor Le 
Dantec had been brought from Paris as the first Director, but his French 
associate died of yellow fever and Le Dantec was so disturbed and dis- 
tressed that he resigned his position, recommended the appointment of 
Dr. Lutz as his successor, and returned to France. Dr. Lutz served as 
Director of the Bacteriological Institute until September, 1908, when at 
the invitation of Oswaldo Cruz he w^ent to Rio as Director of the Section 
of Medical Zoology in the Institute de Manguinlios, later the Instituto 
Oswaldo Cruz, which offered more time and opportunity for investiga- 
tion. He had become more interested in research than in medical prac- 
tice and found administrative routine an irksome task. He remained at 
the Instituto Oswaldo Cruz until 1938, although he had been officially 
retired two years earlier, at the age of eighty-one, when a regulation was 
adopted retiring all civil servants more than sixty-eight years old. 

Like other physicians who w^ere also great parasitologists, notably 
Leidy, Leuckart and Fulleborn, the principal factor in Adolpho Lutz’s 
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work and career is to be found in his devotion to natural history. His 
absorbing interest in fundamental biological phenomena was the well- 
spring from which arose the extensive list of his discoveries in biology 
and medicine. As a boy of five, he was studying animals and plants. 
His first paper, published in 1878 and awarded a prize by the natur- 
forschenden Gesellschaft in Berne, was on the Cladocera of the Bernese 
region. On his first return to Brazil he began his researches in parasi- 
tology, especially on hookworm, other endoparasites, and the blood-suck- 
ing Diptera. These investigations were continued on his subsequent re- 
turn and in addition he extended the work to include the bacteria, fungi 
which attack the skin, and the parasitic protozoa. Endowed with an in- 
quiring mind, he turned his attention to all kinds of disease-producing 
organisms. His patience and thoroughness are apparent in the results. 
Each new discovery was the starting-point for further investigation. His 
studies on schistosomiasis led in 1921 to the disclosure that certain fork- 
tailed cercariae undergo metamorphosis in intermediate hosts to produce 
the tetracotyliform larvae, thus correcting the idea of Leuckart that 
strigeid trematodes have a ‘^metastatic’^ type of development. This dis- 
covery w^as confirmed almost immediately by Mathias in France and 
Szidat in Germany, and has provided the basis for the great advance in 
knowdedge of the furcocercous cerceriae and the Strigeidae. His inves- 
tigations of trematode life histories were supplemented by studies on the 
snails which serve as intermediate hosts. His work on the pai'asites of 
amphibians led to the beautifully illustrated monograph on the batrachians 
of Brazil. From his early years he conducted researches on the blood- 
sucking arthropods, which culminated in many shorter articles and mono- 
graphs of several families of Diptera. Familiar with the life histories, 
habits and distribution of the Culicidae of Brazil, he was able to indict the 
A'edes (Stegomyia) as the transmitting agent of yellow fever and he in- 
stituted the antimosquito campaign in Sao Paulo immediately after the 
results of the Havana experiment were communicated to him by letter. 
To confirm the work, he raised mosquitos and repeated the experiment 
on himself. In recognition, the state of Sao Paulo struck a gold medal 
in his honor. He published on the blood-inhabiting Sporozoa of lower 
vertebrates, Microsporidia, trypanosome infection in cattle, and a host 
of other subjects, in addition to the reports of the laboratory of which he 
was the Director. The study of parasites and parasitic infections in 
lower animals afforded the primary information for his discoveries in 
human medicine. 

Dr, Lutz was an enthusiastic collector. He assembled some 3000 her- 
barium specimens in addition to his extensive lielminthological, entomo- 
logical and lierpetological collections. These specimens, together with 
his letters and other papers, are housed in the Institute Adolpho Lutz at 
Sao Paulo, dedicated three weeks after his death. 
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The medical contributions of Dr. Lutz are too extensive and too well 
known to require enumeration here. He introduced vaccination in South 
America, instituted isolation and quarantine against smallpox, typhoid 
and yellow fever, and through his vigorous public health measures elimi- 
nated yellow fever, bubonic plague and cholera from Sao Paulo. His 
more important achievements include: (1) the identification of the 
'‘febres paulistas’’ of Sao Paulo as typhoid, a determination which was 
confirmed on cultures by the Institut Pasteur and on anatomical findings 
by Eberth; (2) the discovery before 1903 of epidemics of yellow fever in 
forested areas where he knew there were no ''Stegomyia/' but other 
closely related species; (3) the demonstration (1903) of the transmis- 
sion of malaria by jungle mosquitos, Anopheles hit A Theobald, which 
breed in the leaf cups of bromeliad plants; (4) the discovery of granula- 
tion in the acid-fast bacilli of leprosy and the proposal (1886) of the 
mmt Coccothrix leprae for this organism. The study of leprosy for 
more than fifty years, and especially consideration of its epidemiology, 
persuaded him that the disease could be transmitted by mosquitos. 

Dr. Lutz traveled widely in Europe and the Americas, and was a 
member of many scientific societies. An accomplished linguist, he was 
an official delegate on many scientific and medical missions and received 
numerous medals and decorations from South American and European 
governments. Brief accounts of his work were published in North Amer- 
ica on the occasion of his seventieth birthday by Metcalf (1926, Scientific 
Monthly, 22: 112-114) and after his death by Helen Gaige (1940, 
Copeia, No. 4, pp. 275-276). The Memorias do Institute Oswaldo 
Cruz, Vol. 18 (1925) contains an intimate article by Dr. Carlos Chagas 
and a bibliography of his published work. A complete bibliography, pre- 
pared by Dr. Neiva and containing over 200 titles, is to be published in 
the forthcoming number from the Institute Oswaldo Cruz. 

Adolpho Lutz is survived by a sister, now in her ninety-second year, 
a son, Dr. Gualter Adolpho Lutz, Professor of Forensic Medicine at the 
University of Brazil, and a daughter, Bertha Lutz, Chief Naturalist of 
the National Museum at Rio de Janeiro. His wife died in 1922. To his 
daughter, who had been his companion and associate in the investigations 
of his later years, I am indebted for much of the material in this article. 

Dr. Lutz was a modest and gracious person. His long life of service 
and accomplishment was crowned with the highest honors, the affection 
of a host of friends, and the esteem of scientists and medical men every- 
where. — Horace W. Stunkard, Nez<u York University. 
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AMERICAN SOCIETY OF PARASITOLOGISTS 


PRELIMINARY ANNOUNCEMENT OF THE 
SEVENTEENTH ANNUAL MEETING 

Monday, Tuesday and Wednesday, December 29-31, 1941 
Dallas, Texas 

In accordance with the decision of the Council, acting under authority voted at 
the sixteenth annual business meeting in Philadelphia, the American Society of 
Parasitologists will convene for a three-day program in conjunction with the meet- 
ing of the American Association for the Advancement of Science in Dallas, Texas. 
Hotel Adolphus has been designated as official headquarters for the Society. 

Sessions for the reading of contributed papers are scheduled on the first and 
third days. The main features of the program are arranged for the second day, 
Tuesday, December 30th. At the conclusion of the morning session. Dr. James E. 
Ackert will deliver the presidential address on the subject “Natural Resistance to 
Helminthic Infections.” The annual Parasitologists’ Luncheon will be held Tues- 
day noon and will be followed by the annual business meeting of the Society. In 
the afternoon, the demonstration program and tea will be held in the laboratories of 
Southern Methodist University. 

The call for papers has already been mailed to members of the Society. In 
preparing abstracts, members are requested to consult the styling used in the Decem- 
ber, 1940, Supplement of the Journal in order that editing may be kept at a minimum. 
Members are reminded that all abstracts for the program must be in the office of 
the Secretary not later than Friday, October 24, 1941. 

0. R. McCoy. Secretary 
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The Journal of Parasitology 


Volume 27 December Supplement, 1941 

PROGRAM AND ABSTRACTS OF THE SEVENTEENTH 
ANNUAL MEETING OF THE AMERICAN SOCIETY 
OF PARASITOLOGISTS 

DALLAS, TEXAS 
DECEMBER 29, 30 and 31, 1941 
PROGRAM^ 

Monday Morning Session, December 29, 9: 30 A.M. ; Room G, First 

Methodist Church, Ross Avenue and Harwood Street. 

Read 

1. Development of the Excretory System in Cercariae of Digenetic 
Trematodes. (10 min) (Lantern) Kathleen L. Hussey, Colo- 
rado College. 

2. The Excretory System of Paragonimtts. (8 min) (Lantern) 
Elon E. Byrd, University of Georgia. 

3. Preliminary Report on Echinochasmtis sp. (Trematoda), and a 
Comparison of the Excretory System of the Cercaria with Three Related 
Species. (10 min) (Lantern) (Also by demonstration) Elsie W. 
Townsend, Wayne University. 

4. The Designation of Type Specimens in Describing New Species. 
(5 min) Allen McIntosh, U. S. Bureau of Animal Industry. 

5. Studies on ’Cercariae of the Common Mud-flat Snail, Cerithidea 
calijornica, I. The Pleurolophocercous Groups. (15 min) (Lan- 
tern) Wanda Sanborn Hunter, University of California at Los 
Angeles. 

6. The Early Developmental Stages of Plagiorchis muris (Trema- 
toda: Plagiorchiidae) in Its First Intei-mediate Host. (15 min) (Lan- 
tern) W. W. CoRT, Johns Hopkins University, and Louis Olivier, 
U. S. Bureau of Animal Industry. 

7. The Life History of Apophallus brevis Ransom, 1920. (15 min) 
(Lantern) Max J. Miller, Institute of Parasitology, Macdonald Col- 
lege, Quebec, Canada. 

1 An alphabetical author index will be found at the end of this program. 

Extra copies of this Supplement, and portraits of parasitologists, will be on sale 
at the meeting. 
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8. ThtlAitmstovy oi Podocotyle atomo (Rudolplii) (Trematoda: 
Opecoelidae). (10 min) (Lantern) (Also by demonstration) A, V. 
Hun-ninen and R. M. Cable, Oklahoma City University, Purdue Uni- 
versity and the Marine Biological Laboratory, 

9. Studies on the Life History of Lee ith aster confustis Odhner (Tre- 
matoda: Hemiuridae). (10 min) (Lantern) A. V. PIunninen and 
R. M, Cable, Oklahoma City University, Purdue University and the 
Marine Biological Laboi'atory. 

10. Studies on the Life History of Siphodera vinaledwardsii (Lin- 
ton) (Trematoda: Cryptogonimidae) . (10 min) (Lantern) (Also 

by demonstration) R. M. Cable AxNd A. V. Hunninen, Purdue Uni- 
versity, Oklahoma City University and the Marine Biological Labora- 
tory. 

11. Studies on the Life History of a Dicrocoeliid Trematode of the 
Genus Lyperosomum. (12 min) (Lantern) J. Fred Denton, 
Georgia Southwestern College. 

By Title 

12. The Occurrence of Dicrocoelium dendriticum in the United 
States. Emmett W. Price and William D. Kinchelow, U. S. 
Bureau of Animal Industry. 

13. Phyllodistonmm coatneyi n. sp., a Trematode from the Urinary 
Bladder of Ambystoma maculatimi (Shaw). F. G. Meserve, Macales- 
ter College, 

14. The Systematic Position of the Genus Deropristis Odhner with 
Respect to a Proposed Revision of the Trematode Families Acanthocol- 
pidae and Allocreadiidae. R. M. Cable and A. V. Hunninen, Purdue 

University, Oklahoma City University and the Marine Biological' Labora- 
tory, 

15. Notes on Embryonating Eggs of Zygocotyle hmafa and on Their 
Preparation for Cytological Study. Gabriel C. Godman and Charles 
H. Willey, New York University. 

16. Parasites of the Green Turtle, Chelonia my das (L.), with Special 
Reference to the Rediscovery of Trematodes Described by Looss from 
This Host Species. Ross F. Nigrelli, New York Aquarium. 

17. Studies on Host-parasite Reactions. V. The Integumentary 
Type of Strigeid Cyst. George W. Hunter, III, Wesleyan University, 

AND Wanda S. Hunter, University of California at Los Angeles. 

Monday Afternoon Session, December 29, 2:00 P.M.; Room G, 
First Methodist Church, Ross Avenue and Harwood Street. ’ 

Read 

■ I*icidence of Trichomonas foetus in Wisconsin Cattle, f 10 

min) Banner Bill Morgan, University of Wisconsin. 
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19. The Effects of Sulfaguanidine on Experimental Bovine Coc- 
cidiosis. (15 min) (Lantern) (Also by demonstration) Donald 
C. Boughton, U. S. Regional Animal Disease Research Laboratory, 
Auburn, Ala. 

20. Immunization against Coccidiosis by the Use of X-ray Attenu- 
ated Oocysts. (15 min) (Lantern) S. H. Waxler and C. A. Her- 
rick, University of Wisconsin. 

21. Hatching Ascaris Eggs in Vitro. (15 min) (Lantern) 
George L. Graham, Rockefeller Institute for Medical Research, Prince- 
ton, N. J. 

22. Some Clinical Aspects of Experimental Esophagostomiasis in 
Cattle. (10 min) (Lantern) John S. Andrews, U. S. Bureau of 
Animal Industry. 

23. The Biology and Ecology of the Snail, Stagnicola hulimoides 
techella (PidH.) , liitermediate Host of Fasciola hepatica Linn., in South 
Texas. (15 min) (Lantern) O. Wilford Olsen, U. S. Bureau of 
Animal Industry. 

24. Losses of Haemonchus Larvae Early after Their Administration 
to Susceptible Sheep. (15 min) (Lantern) Norman R. Stoll, 
Rockefeller Institute for Medical Research, Princeton, N. J., and J. H. 
Tetley, Massey Agricultural College. 

25. The Effect of Milk Diet on the Development of Haemonchus 
contortus in Calves. (15 min) (Lantern) Dale A. Porter, U. S. 
Regional Animal Disease Research Laboratory, Auburn, Ala. 

26. Studies on Bovine Gastro-intestinal Parasites : VII. The Effects 
of a Low Plane of Nutrition (Cottonseed Hulls) on Immunity to the 
Stomach Worm {Haemonchus contortus). (15 min) Roy L. May- 
HEW, Louisiana State University. 

, 27. Further Data on the Blood Picture in Stomach Worm {Hae- 
monchus contortus) Infections. (15 min) Elaine T. Delaune and 
Roy L. Mayhew, Louisiana State University. 

28. Notes on the Musculature of the Male Genitalia of Haemonchus 
contortus. (15 min) (Lantern) William Logan Threlkeld and 
M. E. Henderson, Virginia Agricultural Experiment Station. 

By Title 

29. Sulfaguanidine Feeding as a Control Measure for Cecal Cocci- 
diosis of Chickens. Marion M. Farr and Rex W. Allen, U. S. 
Bureau of Animal Industry. 

30. Effect of a Single Dose of Phenothiazine upon Egg Production 
and Viability of the Eggs of Swine Lungworms. L. A. Spindler and 
Kenneth C. Kates, U. S. Bureau of Animal Industiy. 

31. Limited Tests of Phenothiazine as an Anthelmintic in Goats. 
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Paul D. Harwood and James E. Guthrie, Dr. Hess ao.d Clark Labora- 
tories, 'Ashland, O. 

32. Skin and Precipitin Tests for the Diagnosis of Trichina Infec- 
tions in Grain-fed, and in Garbage-fed Hogs. L. A. Spindler and John 
L. Avery, LT. S. Bureau of Animal Industry. 

33. Reactions in Garbage-fed and in Grain-fed Hogs to Intracutane- 
ous Injections of Various Diluents. John L. Avery, U. S. Bureau of 
Animal Industry. 

34. Precipitate Formation around Trichina Larvae in Sera from 
Trichina-infected, and Trichina-free Hogs. L. A. Spindler, John L. 
Avery and Harry E. Zimmerman, Jr., U., S. Bureau of Animal In- 
dustry. 

35. Experimental Infection of Pigs with the Swine Thorn-headed 
Worm, Macracanthorhynchus hirudimceus, Kenneth C. Kates, 
U. S. Bureau of Animai Industry. 

36. The Duration of Infectivity of Nematode Parasites of Cattle on 
Florida Pasture with Observations on ' Resistance of Calves to Natural 
Reinfection with Haemonchus contortus. Dale A. Porter, U, S. Re- 
gional Animal Disease Research Laboratory, Auburn, Ala., and Leon- 
ard E, Swanson and Terrence J. Drake, University of Florida. 

Tuesday Morning Session, December 30, 9: 30 A.M. ; Room G, First 

Methodist Church, Ross Avenue and Harwood Street, 

Read 

37. The Occurrence of Mites in Pinnipeds, including a New Species 
from the California Sea-lion, Zalophus calijornianus, (10 min) (Lan- 
tern) (Also by demonstration) Willis H. Doetschman, University 
of Southern California and Biological Research Institute, Zoological 
Gardens of San Diego. 

38. Observations on the Duration of an Infection of Hymenolepis 
nam in Man. (10 min) (Lantern) William Hugh Headlee, 
Purdue' University. ■ 

39. The Effect of Host Age on the Number of Trichinella spiralis 
Recovered from Rats during the Early Period of Infection. (10 min) 
L. 0.,Nolf'And Herman Z aim an, University of Iowa. , 

40. The Effects of Immune Serum upon the Larvae oi Trichinella 
.rpfrafe in Vitro. (15 min) (Lantern) Edward P. Offutt, Jr,, 
University of Rochester. 

41. Attempted Passive Transfer to Rats and Mice of Immunity to 
Trichinella spiralis. (10 min) (Lantern) O. R. McCoy and 
Franklyn F. Bond, University of Rochester. 

42. The Protective Action of Normal Sheep Serum against Infec- 
tions of Trypanosoma duttoni in the Mouse. (5 min) (Lantern) 
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William H. Taliaferro and Yelena Pavlinova Olsen, University 
of Chicago. 

43. The Trypanocidal Action of Sheep Serum on Trypanosoma duT 
tank (10 min) (Lantern) William H. Taliaferro and Lucy 
Graves Taliaferro, University of Chicago. 

44. Quantitative Relationships in Immunity to Hookwoi'm. (15 
min) (Lantern) G. F. Otto, Johns Hopkins University. 

Tuesday Morning, December 30, 11 : 00 A.M. ; Room G, First Meth- 
odist Church, Ross Avenue and Harwood Street. 

Presidential Address 

45. Natural Resistance to Helminthic Infections. James E. Ack- 
ERT, Kansas State College. 

Tuesday Noon, December 30. 

12:30 P.M. Parasitologists" Luncheon, Hotel Baker. 

1: 30 P.M. Annual Business Meeting. 

Tuesday Afternoon Session, December 30, 3 : 00 P.M. ; Hyer Hall, 
Southern Methodist University. (Tea will be served.) 

By Demonstration 

3. Preliminary Report on Echinochasmtis sp. (Treniatoda), and a 
■Comparison of the Excretory System of the Cercaria with Three Related 
Species. (Also read) Elsie W. Townsend, Wayne University. 

8. The Life History of Podocotyle atomon (Rudolphi) (Trematoda: 
Opecoelidae). (Also read) A. V. Hunninen and R. M, Cable, 
Oklahoma City University, Purdue University and the Marine Biologi- 
cal Laboratory, 

10. Studies on the Life History of Siphodera vinaledwardsii (Lin- 
ton) (Trematoda: Cryptogonimidae). (Also read) R. M. Cable and 
A. V. Hunninen, Purdue University, Oklahoma City University and 
the Marine Biological Laboratory. 

19. The Effects of Sulfaguanidine on Experimental Bovine Coc- 
cidiosis. (Also read) Donald C. Boughton, U. S. Regional Animal 
Disease Research Laboratory, Auburn, Ala. 

37. The Occurrence of Mites in Pinnipeds, including a New Species 
from the California Sea-lion, Zalophus calif ornianus, (Also read) 
Willis H. Doetschman, University of Southern California and Bio- 
logical Research Institute, Zoological Gardens of San Diego. 

46. A Case of Intestinal Myiasis. Marcus W. Lyon, South Bend 
Clinic, AND John D. Mizelle, University of Notre Dame. 

47. Hexamita in the Blood of a Mouse. Justin Andrews and 
Madge Reynolds, Georgia Department of Public Health. 
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Unusual Trematodes. H. W. Mantee^ University of 

Nebraska. 

49. Two Species of Porrocaecmn (Nematoda) from the Robin. J. 
Dan Webstee, Rice Institute. 

50. The Genus Gnathostoma in North America. Asa C. Ceiandlee, 
Rice Institute. 

51. Demonstration of a New Parasitic Nematode from a Water 

Scavenger Beetle. A. C. Todd, University of Nebraska. 

53. Some Observations on Histomonas from Wild Pheasants and 
Domestic Fowls. (Also read) D. H. Weneich, University of Penn- 
sylvania. 

62. Reservoir Hosts of Chagas’ Disease in the State of Texas. 
(Also read) A. Packchanian, School of Medicine, University of Texas. 


Wednesday Moening Session, Decembee 31, 9:30 A.M.; Room G, 

Fiest Methodist Chuech, Ross Avenue and Haewood Steeet. 

Read 

52. The Host-parasite Phylogenetic Complex: The Criteria and 
1 heir Application to the Opalinid-Anuran Complex. (15 min) John 
Luthee Mohe, University of California. 

53. Some Observations on Histomonas from Wild Pheasants and 
Domestic Fowls. (15 min) (Lantern) (Also by demonstration) 
D. H. Weneich, University of Pennsylvania. 

54. The Pathogenicity for Kittens of Endamoeba histolytica from 
a Human Case of Acute Amoebic Dysentery. (15 min) (Lantern) 
Chaeles W. Rees and Lucy V. Reaedon, National Institute of Health. 

55. Pantothenic Acid and Eimeria nieschulzi Infection in the White 
Rat. (12 min) (Lantern) Eleey R. Beckee, Iowa State College. 

56. Transmission of the Liver Coccidium, Eimeria stiedae, from the 
Domestic to the Cottontail Rabbit. (10 min) (Lantern) Haery A. 
Jankiewicz, University of Southern California. 

57. Life Cycles of Four Species of Intestinal Coccidia of the Domes- 
hc Rabbit. (IS min) (Lantern) Robert L. Rutherford and John 
p. Is^ESSEL^ University of Southern California. 

58. A Study of the Paroxysms Resulting from Induced Infections of 

„ (12 min) (Lantern) G. Robert Coatney and 
Martin D. Young, U. S. Public Health Service. 

59. Saurian Malaria. (10 min) (Lantern) Clay G Huff Uni 
versity of Chicago. 

60 . Elood-cdll Counts in Plasmodium durae Infections. (10 min') 

^ntern) Carlton M. Herman and Jeanne Young, Los Angeles 
Wildlife Disease Research Station. ^ 

61. The Anti-malarial Effect of Acranil. (15 min) (Lantern) 
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Wendell D. Gingrich and Rollik S. Fillmore, School of Medicine, 
University of Texas. 

62. Reservoir Hosts of Chagas’ Disease in the State of Texas. (15 
min) (Motion Picture) (Also by demonstration) A. Packchanian, 
School of Medicine, University of Texas. 

By Title 

63. The Occurrence of Heterodoxus longitarsus Piaget (Mallophaga ; 
Boopinae) on Dogs in Mississippi. James W. Ward, Mississippi State 
College. 

64. Mechanical Transmission of Shope Rabbit Fibroma by Certain 
Haematophagous Bugs. Cornelius B. Philip, Hamilton, Montana. 

65. Oxidation-reduction Potentials in Relation to the Cultivation of 
Endamoeba histolytica. Leon Jacobs, National Institute of Plealth. 

66. Indicanuria and the Vitamin A Absorption Test in Giardiasis. 
C. P. Katsampes, W. a. Phillips, A. B. McCoord and S. T. Harris, 
University of Rochester. (Introduced by O. R. McCoy.) 

67. Incidence of Protozoan Infection amongst the Personnel of a 
Large General Hospital with Special Regard to Incidence according to 
Race and Occupation. Maurice M. Rothman and Marion Lasrey, 
University of Pennsylvania. 

68. Survival Time of Intravaginally Implanted Trichomonas hominis. 
Robert M. Stabler, Universit}^ of Pennsylvania, and L. G. Feo, Jef- 
ferson Medical College Hospital. 

69. Notes on a Microsporidian Parasite, Duboscqia sp., of Reticu- 

of Maryland. Richard R. Kudo, University of Illinois. 

Wednesday Afternoon Session, December 31, 2 : 00 P.M. ; Room G, 
First Methodist Church, Ross Avenue and Harwood Street. 

Read 

70. The Fate of Some Species of Schistosome Cercariae in Chick 
Embryos. (10 min) (Lantern) • Sterling Brackett and Albert 
J. Beckmann, University of North Carolina and University of Michi- 
gan Biological Station. 

71. Studies on Host-parasite Reactions. VI. An Hypothesis to 
Account for Pigmented Metacercarial Cysts in Fish. (15 min) (Lan- 
tern) George W. Hunter, III, Wesleyan University. 

72. Observations on the Geographical Distribution of Digenetic 
Trematodes of Marine Fishes. (10 min) (Lantern) H. W. Manter, 
University of Nebraska. 

73. The Frequency of Helminths in Their Naturally Infected Hosts. 
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(15 min) (Lantern) H. F. FIsu and S. Y. Li^ Peiping Union Medi- 
cal College, Peiping, China. (Introduced by the Secretary.) 

74. Further Studies on the North American Hirudinea. (12 min) 
Maiotn C. Meyer, New Jersey College for Women of Rutgers Uni- 
versity. 

75. A New Species of Branchiobdellid from Kentucky. (8 min) 
Clarence J. Goodnight, Bi'ooklyn College. 

76. Life Flistory and Development of PlacracanthorhyncM^^^ 

and MediorhynchtiS grandis (Acanthocephala). (10 min) (Lantern) 
Donald V. Moore, Rice Institute. 

77. An Addition to the Life History of Leidynema appendiculatum 
(Leidy, 1850) Chitwood, 1932, a Nematode Parasitic in Cockroaches. 
(5 min) A. C. Todd, University of Nebraska. 

78. Removal of Chicken Tapeworms by Host Starvation and Some 
Effects of Such Treatment on Tapeworm Metabolism. (15 min) 
(Lantern) W. M. Reid, Monmouth College, and J. E. Acicert, Kan- 
sas State College. 

79. Effect of Atabrine upon Experimental Cysticercosis of Mice. 
(12 min) (Lantern) James T. Culbertson and Sylvia H. Green- 
field, College of Physicians and Surgeons, Columbia University. 

By Title 

80. The Life Cycle of Dioctophyma renale, the Giant Kidney Worm 
of Mammals. Arthur E. Woodhead, University of Michigan. 

81. The Possibility of Chemical Control of the Snail Intermediate 
Hosts of Schistosoma mans oni in Venezuela. George W. Lutter- 
MOSER, Instituto Nacional de Higiene, Caracas, Venezuela. 

82. Effects of Duodenal Mucus of Dogs and Swine upon the Viability 
of Nscaridia hneata in Vitro. L. L. Eisenbrandt, University of Kansas 
City, and j. E. Acicert, Kansas State College. 

83. The Role of Duodenal Mucus in Age Resistance. L. P. Frick 
and j. E. Acicert, Kansas State College. 

84. Intestinal Resistance to a Second Infection of Trichinella spiralis. 
Arthur J. Levin and Titus C. Evans, University of Iowa. 

85. Demonstration of Naturally Acquired, Passive Immunity to Hy- , 
menolepis nana VBX. fraterna. John E. Larsh, Jr., Johns Hopkins 
University. 

86. Effects of Testosterone on Nematodes. Lyell J. Thomas, Uni- 
versity of Illinois. 

87. Plairworms as Parasites of Fishes. Ross F. Nigrelli, New 
York Aquarium. 

88. Cultivation Experiments with the Avian Malaria, Plasmodium 
circmuflexmn. Frederick Coulston, Syracuse University. 
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ABSTRACTS 

1. Development of the Excretory System in Cercariae of Dig enetic Trematodes, 
Kathleen' L. Hussey, Colorado College. 

The study of development of the excretory system of digenetic trematodes is 
continued with five species, including representatives of three families not previously 
studied. The development of the excretory system of Proferometra macrostoma 
(Azygiidae) is like that described for cercariae of Strigeata. Two primitive tubes 
form, extend to the tips of the furcae, fuse to form the bladder at the posterior end 
of the body and anterior end of the tail, then remain separate for the rest of the 
length of the tail. The mature cercaria has numerous caudal flame cells. In the 
gasterostome cercaria Bucephalus elegans (Bucephalidae) early development of the 
excretory system follows this same plan. After formation of the bladder each 
caudal tube makes contact with the surface of the tail fork near its proximal end 
forming one pore of the mature cercaria, and original caudal pores are lost. 
In the cercariaeum of Zoogomis riibelhis (Zoogonidae) the excretory system de- 
velops as in stylet cercariae and similar to the cercariaeum of Triganodistomum 
mutabile as described by Wallace (1941, Tr. Am. Micr. Soc. 60 : 322-324). Two 
primitive tubes extend to the posterior end of the body, fuse to form a bladder, 
and penetrate a mesodermal cell mass which forms the epithelial wall. Except for 
a much less distinct epithelial bladder wall fundament, the development of the 
excretory system of Flalipegiis eccentriciis (Hemiuridae) is like that already de- 
scribed for H. occidualis. The development of the excretory system in Himasthla 
quissetensis (Echinostomidae) is like that oi Echinostoma revolutum and Petasiger 
nitidiis. 

2. The Excretory System of Paragonimus. Elon E. Byrd, University of 
Georgia. 

The excretory bladder terminates near the posterior end of the body where it 
communicates with the pore by an elongated, slightly muscular tube. The bladder 
is large and occupies a medial position in the body throughout its course, from about 
one-third the distance from the bifurcation of the ceca to the ventral sucker. The 
common collecting tubules contact the bladder between the levels of the ovary and 
testes and these tubules curve posteriorly, then laterally and finally anteriorly 
before giving rise to the anterior and posterior main tubules. Each of the 
anterior main collecting tubules gives rise to seven accessory tubules while each 
of the posterior main tubules gives rise to nine accessories. There is a decided 
tendency for the accessory tubules to take their origin in pairs. However, the 
tliird accessory from the anterior end of the anterior main and the third accessory 
from the posterior end of the posterior main tubules are single. Approximately 
half of the accessory tubules, one member of each pair, turns ventrally while the 
other member of the pair turns dorsally, and these supply the capillary tubules and 
flame cells for the dorsal and ventral aspects of the body. Each accessory tubule 
terminates by giving rise to three capillary tubules, each of which ends in a more 
or less stellate-shaped flame cell. Thus the formula for the excretory pattern is : 
2[ (3 + 3 + 3 + 34-3 + 3 + 3) + (3 + 3 + 3+3 + 3 + 3 + 3 + 3 4-3)] =96 flame cells. 

3- Preliminary Report on Echinochasmus sp. (Tremafoda) , and a Comparison 
of the Excretory System of the Cercaria with Three Related Species. Elsie W: 
Townsend, Wayne University. 

The cercaria of Echinochasmus sp. was found in Goniobasis livescens col- 
lected from Douglas Lake, Michigan, and several localities along the Pluron River 
near Ann Arbor, Michigan. This large-tailed echinostome cercaria is an active 
swimmer and acts as attractive bait to two species of dace and several species of 
minnows of the genus Notropis. In the fish host the metacercariae are found in 
ovoid thin-walled cysts embedded in the base of the gills. The collar spines begin 
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to 500 in each) attached to the outside of the snaiFs intestine. The matrix sur- 
rounding the embryos consists of irregular cells with no obvious organization. In 
earlier stages tubules composed of these cells can be made out enclosing linear 
series of the embryos. These same cells also form an outer covering for each 
daughter sporocyst, the “paletot” of earlier workers. The largest daughter sporo- 
cysts still found in the mother sporocyst masses are elongate and mobile, and contain 
cercarial embryos of different ages and a single discrete germ mass. When the 
mother sporocyst breaks up the daughters migrate along the ducts and vessels to 
all parts of the digestive gland of the snail. They then become attached, thicken, 
and appear crowded with embryos. Thickened areas of the true sporocyst wall are 
formed at their ends and from them protrusions push out. Further growth of these 
protrusions and the pushing into them of cercarial embryos produce a variety 
of irregularly shaped sporocysts, each loosely enclosed in the “paletot.” Later, 
with increasing size and rapid growth of the cercarial embryos the shapes of the 
sporocysts become less irregular. Growth continues after the escape of the first 
mature cercariae, and later the outer layer becomes pigmented. The germ masses 
persist throughout the whole life of the daughter sporocysts, and are found still 
apparently producing new cercarial embryos in the oldest sporocysts from old snails. 

7. The Life History of Apophallus brevis Ransom, 1920. Max J. Miller, 
Institute of Parasitology, Macdonald College, Quebec, Canada. 

re-study of the morphology of Apophallus imperator Lyster, 1940, and A. 
few Ransom, 1920, shows the two species to have no constant differences of 
specific importance. The appearance of the gonotyle, which Lyster used as a char- 
acter to separate these species, cannot be accepted as sufficiently significant or con- 
stant to be of specific importance. A. imperator, therefore, falls as a synonym of A. 
brevis. 

Studies on the life history of Apophallus brevis in Quebec, Canada, have in- 
criminated the small operculate snail, Anmicola limosa, as the first intermediate 
host. The second intermediate host has been found in nature to be the speckled 
trout (Salvelimis fontinalis). The metacercariae encyst in the skin, forming 
a black pigmented cyst. These cysts have never been found in the muscle tissue. 
The metacercariae become infective to the definitive host within 3 to 4 weeks. 
Speckled and brown trout have been infected experimentally. Rainbow trout, how- 
ever, are refractory to infection. The metacercariae will develop to an adult stage 
in pigeons and kittens, under experimental conditions, in from 2 to 7 days. Ransom 
found adult A. brevis in the California gull. However, in Quebec the normal host 
in nature has been shown to be the loon (Gavia iinmer). Young loons were suc- 
cessfully infected experimentally, and have been found infected in nature. There 
is some evidence that old loons may be resistant to infection. 

8. Ihe Life History of Podocotyle atomon (Rudolphi) (Treinatoda: Ope- 
coelidae). A. V. Hunninen and R. M. Cable, Oklahoma City University, Purdue 
University, and the Marine Biological Laboratory. 

Experimental studies have demonstrated that the cercaria of Podocotyle atomon 
is a cotylomicrocercous larva and not a trichocercous form as suggested by 
Palombi (1938). It develops in Liitorina rudis and is very similar to the cercaria of 
Opecoeloides manteri, both larvae having double-pointed stylets, three pairs of 
cephalic glands, and an excretory formula of 2[(2 + 2) + (2F2)]. Chief differences 
are in respect to sucker size and the. tail; in P. atomon, the ventral sucker of the 
cercaria is larger than the oral sucker and the tail lacks a protrusible glandular 
core as in the cercaria of 0. manteri. The marine amphipods, Gammarus sp., 
Cannogammarus mucronatiis, and Amphithoe longimana, serve as intermediate hosts' 
Of these, the last two are rarely infected in nature but serve readily as experimental 
hosts. At an age of four weeks, the cyst is 0.3 mm in diameter and the digestive 
and reproductive systems of the metacercaria are well formed. Old cysts may 
measure 0.6 mm in diameter and the enclosed worms approach adults in size and 
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deveiopmentj becoming sexually mature and producing eggs. The excretory 
formula is unchanged during post«cercarial development. A number of marine 
fishes serve as natural definitive hosts. Similarities in fundamental respects demon- 
strate that Podocotyle and Opecoeloides are closely related, and that certain differ- 
ences between their adult stages such as the presence or absence of a cirrus sac, 
accessory suckers, and junction of the ceca with the excretory vesicle are minor 
characters probably of no greater than generic value in the Opecoelidae. 

9. Studies on the Life History of Lecithaster confusus Odhner (Trematoda: 
Hemiuridae) . A. V. Hunnixex and R. M. Cable, Oklahoma City University, 
Purdue University, and the Marine Biological Laboratory. 

The cercaria of Lecithaster confusus is a minute, simplified cystopliorous larva 
developing in the marine snail, Odosfomia sp. The cyst is discoidal, measuring 
0.05 mm in diameter. It contains the cercarial body and inverted delivery tube. 
Light cover glass pressure causes sudden eversion of the tube and passage of the 
body through it so rapidly as to be followed only with difficulty. The cercaria is 
unable to swim, since its only appendage is a simple, delicate, non-motile filament. 
After escape from the cyst, the cercarial body measures 0.085 mm long. Its struc- 
ture is poorly defined, even the suckers being indistinct. The excretory vesicle with 
paired main tubules extending half the length of the body may be observed in favor- 
able specimens. Development of the cercaria from the germ ball has been traced. 

Cercariae are eaten by copepods. Twenty per cent of the Acartia sp. collected 
in the vicinity of infected snails were naturally infected. Metacercariae develop 
rapidly and occur free in the body cavity of the copepod. In 6-day metacercariae, 
the two main excretory tubules reach the pharyngeal level where their expanded 
terminations are connected by a cross-commissure which, unlike that of most hemi- 
urids, disappears in the adult stage while another develops near the posterior end of 
the body. Sticklebacks were used as experimental definitive hosts although many 
marine fishes may harbor L. confusus. The excretory pattern of the adult has been 
determined. 

10. Studies on the Life History o/ Siphodera vinaledwardsii (Linton) (Trema- 
toda: Cryptogonimidae) . R. M. Cable and A. V. Hunninen, Purdue University, 
Oklahoma City University and the Marine Biological Laboratory. 

The cercaria of Siphodera mnaledwardsU is a pleurolophocercous larva develop- 
ing in rediae in the marine snail, Bittium alternatum, from the Woods Hole region. 
It has 14 cephalic glands with two instead of the usual four bundles of ducts. The 
tail is inserted ventrally and is coiled when the larva is at rest. The excretory 
formula is 2[ (2 + 2) + (2 + 2)]. The cercaria was found to penetote and encyst in 
flounders more readily than in other fishes tried. Metacercariae must be over 9 days 
of age to establish an infection when fed to toadfish, the natural definitive host. The 
present study supports the view that Siphodera and related trematodes have close 
affinities with the Heterophyidae and should be included in the superfamily Opis- 
thorchioidea. Because of similarities between the cercaria of S. vmaledzmrdsii and 
Cercaria coronanda Rothschild, which has been referred to the i\canthostomidae, 
separation of the families Acanthostomidae and Cryptogonimidae may be unwar- 
ranted. 

11. Studies on the Life History of a Dicrocoeliid Trematode of the Genus 
Lyperosomum. J. Fred Denton, Georgia Southwestern College. 

An undescribed trematode belonging to the genus Lyperosomum Looss, 1899, 
was found to be a common parasite in the livers of meadowlarks, Sternella magiia 
argutula, and bronzed grackles, Quiscaliis quiscula aeneus, in the vicinity of Houston, 
Texas. Incubated eggs from the uteri of mature worms of this species were fed to 
parasite-free specimens of 7 common species of land snails. The eggs hatched in 
all 7 snails but development to maturity proceeded only in Polygyra texasiana 
(Moricand) and Practicollela herlandieriana (‘M.oxizdXid^) . Hatching of the eggs 
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occiH's in the upper small intestine from which the miraddia pass to the digestive 
gland to transform into mother sporocysts. Each mother sporocyst produces a 
single generation of 50 to 70 daughter sporocysts which it liberates into the haemo- 
coelic space of the snail by rupturing. The daughter sporocysts produce long-tailed, 
stylet cercariae which migrate out of the daughter sporocysts through the cervical 
birth canal and actively work their way into the mantle cavity of the host. Here 
the cercariae collect in masses of 150 to 300, the masses being held together by a 
slimy material secreted from their large cystogenous glands. These cercarial masses 
are expelled from the respiratory chamber and are deposited on plants and other 
objects as the snails crawl along. In the laboratory cultures cercarial masses were 
first expelled by the snails on the 106th day after infection. Larvae of the chrys- 
omelid hetih, Gastroidia cyanea, exposed to freshly expelled cercariae on the leaves 
of dock (Ritme.r sp.), contained 1 to 6 non-encysted worms at autopsy. No attempts 
were made to infect the definitive hosts. 

12. The Occurrence of Dierocoelium dendriticum in the United States. Emmett 

Wh Price and D. Kinchelow, Xh S. Bureau of Animal Industry. 

Up to the present time there has been no authentic report of the occurrence of 
tlie lancet fluke, Dierocoelium dendriticum, in the United States, although Leidy 
(1856) noted that this fluke is “Stated to 'be frequent in the sheep in several of the 
Western States,’’ and several treatises on parasites have listed the United States as 
one of the countries in which this species is found. During the past year eight cases 
of parasitism with the lancet fluke have been encountered in cattle slaughtered at 
Abattoir No. 1016, Newark, N. J, Four of these were found by the junior author 
and the remaining cases by Dr. S. R. Roberts. The identity of specimens from all 
of the cases was checked by the senior author. Through the efforts of Dr. L; V. 
Hardy, inspector in charge of this establishment, the origin of the parasitized cattle 
was traced to the state of New York, three of the animals being traced to farms in 
Cayuga and Portland counties. From information secured from the owners there 
is no doubt that these were native cases and that the parasite has definitely become 
established in the state mentioned. 

13. Phyllodistomum coatneyi sp., a Trematode from the Urinary Bladder of 

Ambystoma maculatum F. G. Meserve, Macalester College. 

Tw'o out of 19 specimens of Amhystoma maciilatum were infected with 10 para- 
sites. They were collected at Bass Lake, Wisconsin. P. coatneyi is most like P. 
americanum. The vitellaria of P. americanum approximately the same size as 
the ovary whereas in P. coatneyi the vitellaria are only about one-half the size of the 
ovary. Length 3,3~7.0 mm; width 0.7~1.7 mm; oral sucker 0.301-0.473 mm; ace- 
tabulum 0.455-0.636 mm; testes irregularly and deeply lobed; eggs non-operculate 
0.021-0.029 mm in length by 0.015-0.020 mm in width. The nearest relative, P. 
americanum, has eggs which are 0.052 by 0.050 mm. P. coatneyi is named in honor 
of Dr. G. R. Coatney of the U. S. Public Health Service. 

14. 1 he Systematic Position of the Genus Deropristis Odhncr zvith Respect to 
a Proposed Revision of the Trematode Families Acanthocolpidae and AUocrcadiidae. 
R. M. Cable and A. V. Hunninen, Purdue University, Oklahoma City University, 
and the Marine Biological Laboratory. 

Studies on the life history of Deropristis inflata demonstrate that the family 
Acanthocolpidae is not a natural group of closely related trematodes. A redefini- 
tion of the family in the light of recent work would exclude the genus Deropristis 
and Dihamistephaniis sturionis while the genera Lcpidauchcn, Plcorchis, and Pseudo- 
Icpidapedon would be included for the first time. 

The nearest known relatives of Deropristis are undoubtedly members of the 
Anallocreadiinae. The subfamilies Anallocreadiinae, Lepocreadiinae and a new one 
to include Deropristis are regarded as a family Lepocreadiidae distinct from the 
Allocreadiidae, which should be restricted to forms having ophthalmoxiphidiocer- 
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cariae developing in bivalves. The Acanthocolpidae and Allocreadiidae, as thus re- 
stricted, are regarded as separate but fairly closely related groups, possibly more so 
than any two subfamilies hitherto allocated to the family Allocreadiidae (sensu lato). 

There seems good reason to support Hopkin's (1941) allocation of treraatodes 
having cotylomicrocercoiis cercariae to a separate family, Opecoelidae, and Manter’s 
(1940) suggestion that the Gyliauchenidae is more closely related to the Lepo- 
creadiinae than to the amphistomes. Superfamily relationships of the Allocre- 
adiidae, Acanthocolpidae, Opecoelidae, Lepocreadiidae, and Gyliauchenidae are not 
apparent from the fragmentar}^ knowledge of life histories and embryology, particu- 
larly of marine forms. 

15. Notes on Embryonafing Eggs of Zygocotyle lunata and on Their Prepara- 
tion for Cytological Study. Gabriel C. Godman and Charles H. Willey^ New 
York University. 

Difficulty encountered from mold and bacteria on shells of embryonating eggs 
of Zygocotyle lunata is effectively overcome by keeping living Ostracoda with tlie 
eggs. After several washings, 30 to SO eggs are placed in a covered Petri dish with 
from 10 to 15 ostracods which may be obtained from aquaria or cultured easily in 
water containing decaying lettuce. They hold and rotate the eggs with their ap- 
pendages, effectively scraping off the fungi and leaving them clean and undamaged. 
The Ostracoda must be replaced and the water changed about every 5 to 7 days, 
since most of the Crustacea die within that period. Ova of Z. lunata prepared for 
sectioning in early stages of development collapse immediately in most common 
fixatives (Bouins, Helly’s, Zenker’s, Gibson’s). In Flemming’s fluid they suffer no 
change of form, penetration has occurred within 10 minutes and fixation is complete 
within 30 minutes. Since collapse or rupture occurs in the usual series of alcohols, 
successful dehydration was accomplished only by the capillary-wick technique of 
McClung, by which a very gradual instillation of alcohol occurs. They collapse and 
rupture in pure dioxan, buckle slowly in 50 per cent dioxan, and its gradual addition 
offers no advantages over alcohol. Clearing must be accomplished slowly with xylol 
or chloroform by the capillary-wick technique. Gradual infiltration with the 
rubber-paraffin mixture of Hance is of value in reducing to a minimum the shatter- 
ing of the shell that occurs in pure paraffin. 

16. Parasites of the Green Turtle, Chelonia mydas (L.), with Special Refer- 
ence to the Rediscovery of Trematodes Described by Looss from this Elost Species. 
Ross F. Nigrelli, New York Aquarium. 

Looss (1899, 1902) reported some 24 species of trematodes from Chelonia 
mydas. The following were recently recovered from the viscera of 50 turtles : 
(Pronocephalidae) Cricocephalus albns (Knhl and Hasselt, 1822) and C. megasto- 
mus 'Looss, 1902 (stomach) ; Pronocephalus obliquus Looss, 1901 Sind Glyphicephalus 
lobatus Looss, 1901 (intestine); Pyelosomwn cochlear Looss, 1899 (urinary blad- 
der). A new species oi Char axicephalus Looss, 1901 was found in the stomach. No 
forms of Pleurogonins Looss, 1901 were present. Deuterobaris proteiis (Brandes, 
1891), Octanguim sa g itta (Loossy IW9) . Angiodiefyum parallelum (Looss, 1901) 
and Polymigmui linguatula (Looss, 1899), all Angiodictyidae, w^'ere found in the 
large intestine. Micro sc aphidmm Looss, 1900 is not represented. A specimen of 
Schisaniphistomoides spinulosum (Looss, 1901) Stunkard, 1925 ( Paramphisto- 
midae) was recovered from the large intestine. Of the intestinal distonies reported 
hy Looss, Enodiotrenia megachondrus (Looss, 1899) (Plagiorchiidae) was the only 
one found. Other distonies present in our collection are as follows: (Rhytidodidae) 
Rhytidodoides mtestinalis Brice, 1939, R. similis Brice, 1939, and a new species of 
Rhytidodoides Price, all from gall bladders. The family Spirorchidae Stunkard, 
1921, is represented in this collection by Learedms learedi Brice, 1934, and L. similis 
Price, 1934, from the heart and visceral vessels. Large numbers of leeches, 0 . 30 - 
branchus branchiatus (Menzies, 1791), were found associated with fibro-epithelial 
tumors on ej^elids. Heavy infections of L. learedi znd R. similis occurred in 65 per 
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cent of the organs examined. In four cases, a papillomatous disease of the gall blad- 
der (Smith, Coates and Nigrelli, 1941) was found associated with heavy infections 
oi R, mnilis. 

17. Studies on Host-parasite Reactions. V. The Infegimientary Type of 
Strigeid Cyst. George W. Hunter, III, Wesleyan University, and Wanda San- 
born Hunter, University of California at Los Angeles. 

The integumentary type of cyst characteristic of CrassipMala btilboglossa and 
Neascus rhinichthysi is described from the yellow perch, Perea fl-avescens, and the 
black-nosed dace, Afratuhis atronosus, respectively. In both cases special connective 
tissue stains were used. An inner hyaline cyst is elaborated by the parasite while 
the host responds by producing a connective tissue cyst containing melanin and 
melanin-bearing cells resembling melanophores. These outer host cysts produced 
by the fish are, in general, less dense than those noted in the case of parasites pene- 
trating to the deeper layers of the host, as Uvulijer amblopUiis. 

18. llie Incidence of Trichomonas foetus in Wisconsin Cattle. Banner Bill 
Morgan, University of Wisconsin. 

Examinations were made of the uteri from 560 Wisconsin dairy cows obtained 
from a local packing plant. Of the 560 uteri examined 416 were pregnant, 110 
normal non-pregnant, 31 non -pregnant with pyometra, and 3 pregnant with pyometra. 
From the total number of uteri examined 8 or 1.4 per cent were positive for tricho- 
monads. Of the 8 cases, the amniotic fluid of an apparently healthy seven-months 
foetus (approximate age) was teeming with T. foetus. From the 31 non-pregnant 
uteri with pyometra 5 were positive and from the 3 pregnant uteri with pyometra 
containing macerated foeti 2 were positive. The incidence of T. foetus from the 
33 uteri with pyometra was 21 per cent. 

Amniotic fluid, occasionally allantoic fluid, swabs from the mouth of each 
foetus, and exudate from uteri wnth pyometra were inoculated into culture media. 
The material was incubated at 30° C for 18 hours and examined for trichomonads. 
After the first examination the cultures were incubated at 37° C for 18 hours and 
examined again. The culture material was the all-autoclaved medium of Schneider 
(unpublished thesis). Occasionally egg slants layered with saline, Ringer’s, or saline 
and serum were used. 

Four cases of trichomoniasis have been positively diagnosed out of 28 herds 
representing a total number of approximately 500 dairy cows for an incidence of 
0.8 per cent. This is a preliminary report, but the above figures indicate that tricho- 
moniasis, at least in Wisconsin, is an important problem in the dairy cattle industry. 

19. The Effects of Sulfaguanidine on Experimental Bovine Coccidiosis. Don- 
ald C. Bough TON, U. S. Regional Animal Disease Research Laboratory, Auburn, 
Alabama. 

In one experiment 9 calves were inoculated simultaneously with approximately 
50 million sporulated oocysts of mixed types from one large suspension. Four of 
the 9 received no drug. All of these developed clinical coccidiosis, Eimcria bovis 
being the dominant species. One was sacrificed when moribund 15 days after inocu- 
lation, The remaining three died on the 20th, 21st, and 27th days, respectively. 
Five calves were given at least 21 consecutive daily doses of sulfaguanidine at the 
rate of 0.1 grn per 2.2 pounds of body weight beginning 2 days after inoculation. 
The 5 treated calves survived, did not develop clinical coccidiosis, and discharged 
very few E. bovis oocysts during the month following inoculation. In a second 
experiment 12 calves were given a similar inoculation of infective oocysts from a 
second suspension. Three calves received no drug. Sulfaguanidine was given to 
the remaining 9 calves at the rate of 5.0 gms per day for 8 consecutive days as 
follows; three calves, at the time of inoculation; 3 calves, mid-way in the 3-week 
incubation period ; and 3 calves, toward the end of the incubation period. All calves 
receiving the early and mid-way treatment and 2 of the 3 untreated calves developed 
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fatal coccidial infections, E. bovis being the dominant species. The surviving un- 
treated calf developed E. bovis infection. The 3 calves treated late in the incubation 
period survived; none discharged large numbers of E, bovts oocysts during* the 
month following inoculation. 

20. Immiinisation against Coccidiosis by the Use of X-ray Attemiated Oocysts. 
S. TL Waxler and C. A. Herrick, University of Wisconsin. 

Chickens that are infected with x-ray attenuated oocysts acquire a certain 
amount of resistance to a second heavy infection. This resistance, when measured 
by the hemoglobin level after infection, is almost as great as that afforded the sur- 
vivors that had been infected originally with untreated oocysts. The attenuated 
oocysts not only gave protection against subsequent reinfection but were safe at the 
initial infection. It was, however, necessary to standardize the oocyst dose in 
roentgen units for the different age groups of chickens. The younger birds required 
oocysts attenuated for a slightly longer time than did the older ones. By varying 
the amount of radiation, it is possible to control fairly accurately the severity of the 
disease. The longer the oocysts were subjected to the ra 3 ^s, the less severe was the 
disease. The use of x-rays as the attenuating agent appears to be quite satisfactory, 
in that results, as indicated by the hemoglobin change, can be duplicated by using 
the same ciuaiitity of radiation measured in roentgen units. 

21. Hatching Ascaris Eggs in Vitro. George L. Graham, Rockefeller Institute 
for Medical Research, Princeton, N, J. 

It was shown by Graham (1937) that rats were inferior to guinea pigs for 
demonstrating lung hemorrhage due to migration of swine ascaris larvae following 
feeding of infective eggs. Experiments conducted to ascertain conditions under 
which hatching occurred in vivo, established that eggs introduced directly into the 
intestine of guinea pigs were effective in producing heavy lung damage, but not in 
rats. This demonstrated that hatching occurred normally in the guinea pig intestine 
at least, without the necessity of stomach passage. 

In hatching experiments conducted in vitro, infective eggs were incubated at 
38® C. Tubes containing increasing quantities of guinea pig bile showed a corre- 
lated increase in hatching when a small piece of guinea pig pancreas vras present. 
Tubes containing bile alone, or pancreas alone, showed no evidence of hatching. 
The increased hatching with increasing amounts of bile in the presence of pancreatic 
enzymes is, interestingly enough, correlated with the absence of a gall bladder in the 
rat and its presence in the guinea pig. 

22. Some Clinical Aspects of Experimental Esophagostomiasis in Cattle. John 
S. Andrews, U. S. Bureau of Animal Industry. 

At the Puerto Rico Agricultural Experiment Station it was found that admin- 
istration of 20,000 to 260,500 infective larvae of Oesophagostomum radiatmi by 
mouth to healthy calves weighing from 70 to 280 pounds produced transient rises in 
body temperature to 104° F or above, at approximately 4 and 10 days after infection, 
wdiich appeared to be correlated with the presence of the newly arrived third stage 
larvae in the intestinal ■walk and with the exit of the fourth stage larvae from the 
mucosa, respectively. Severe diarrhea, accompanied by anorexia and tenesmus, 
began 4 to 23 days after infection and continued for periods up to 186 days. A 
transient polymorphonuclear leucocytes is associated with the repair of intestinal 
tissue damaged or destroyed by the larvae occurred 2 to 4 weeks after completion of 
infection. A reduction of 50 per cent in the number of erythrocytes developed about 
5 weeks after infection, the red blood cell count returning to normal with the disap- 
Ijearance of clinical symptoms. Absence of blood in the feces indicated that the 
anemia may have been due to the action of some toxin on the hematopoietic system. 
Difficulty w^as experienced in the early diagnosis of the disease because of .the 
absence of worm eggs from the feces for a period of from 3 to 5 weeks after the 
onset of the diarrhea- The number of adult O, radiatum recovered post mortem did 
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not appear to bear any relation to the severity of the disease. Death occurred in one 
calf following infection with 82,000 larvae. 

23. The Biology and Ecology of the Snail, Stagiiicola bulimoides techella 
(Hold,), Intermediate Flosf of Fasciola hepatica Linn., in- South Texas. O. 

FORD Olsex^ U. S. Bureau of Animal Industry. 

The snail Stagnicola bulimoides techella (Hald.) is the most important inter- 
mediate host of the liver fluke in the coastal section of Texas. The composition of 
the snail population varies according to the season and its weather. Generally speak- 
ing, however, juvenile snails predominate in the fall, juveniles and adults being 
about equal during the winter and the adults exceeding in number during the spring. 
In one habitat, 92 per cent of the snails found dead on the surface after the pool had 
dried were adults while 98.6 per cent of the surviving population which reappeared 
with the advent of standing water after 169 days of drought w^ere small juveniles. 
In habitats under conditions of more evenly distributed rainfall, adult snails aestivate 
commonly, even carrying infections of Fasciola hepatica through the period of dor- 
mancy. During rainy weather when pools contain water throughout the summer, 
reproduction is continuous. Snails occur in greatest numbers during the winter. 
Associated with a high reproductive potential is a short life cycle which may be 
completed in 21 days under’ optimum conditions. During a total of 334 egg-laying 
days extending through July, August and September, four laboratory snails de- 
posited 17,432 ova. The mean number of ova per snail per day was 52.9, the daily 
mean number of egg masses 2.8 with a mean number of 18.5 ova per mass. Natural 
infection of snails with Fasciola hepatica taken from pastures during the current 
year when rainfall has been high and at frequent intervals, where cattle grazed 
constantly, was 0.51 per cent. 

24. Losses of Haemonchus Larvae Early after Their Administration to Suscep- 
tible Sheep. Norman R. Stoll, Rockefeller Institute for Medical Research, and 
J. H. Tetley, Massey Agricultural College. 

Haemonchus contortus in susceptible sheep represents a worm-host system 
characterized by a high degree of infectivity of the nematode and its marked patho- 
genicity for the host. Effective parasitization is favored because infective larvae, 
being swallowed, arc brought in due course to the abomasum. Worms which pass 
beyond this 4th stomach are irretrievably lost (although such larvae, if still alive 
and promptly rescued from the fecal pellets, can be shown normally infective). 

The present tests employed huge single doses of larvae. None was recovered 
the first six hours, but fecal collections the next two hours were already positive 
for larvae in some animals. Once demonstrated, larvae were found continually 
discharged during the first three days, the longest period studied. In one instance 
an animal sacrificed 72 hours after oral infection of 941,000 larvae showed respec- 
tively 18, 7, and 1 per cent of these in the three 24-hour periods preceding post 
mortem demonstration of 261,000 (28 per cent) established in the abomasum. The 
limiting factor did not appear to be their number in the abomasum. In two cases 
where over 319,000 were present there at the end of one day, about 1 per cent of 
inoculated larvae were demonstrable in feces before death; original dose was given 
orally in one case, injected directly into the rumen through the body wall in the 
other. While infection losses are not unlooked for, with Haemonchus they repre- 
sent organisms which, after successfully reaching the abomasum, fail to remain in 
the one parasitic habitat where they can survive. Lost larvae are characteristically 
exsheathed. ' 

25. The Effect of Milk Diet on the Development of Haemonchus contortus in 
Calves. Dale A. Porter, U. S. Regional Animal Disease Research Laboratory, 
Auburn, Alabama. 

Three pairs of calves, kept under parasite-free conditions since birth, were used 
in these experiments. One calf of each pair was maintained on a control diet of 
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cow’s milk, alfalfa hay and grain. The other calf of each pair was fed nothing but 
milk from the time of birth until the termination of the experiments, approximately 
a month after feeding infective larvae of H. contortus. The calves of the first pair 
were fed 98,000 larvae each; those of the second, 26,000; and those of the third, 
10,500 when 4, 3, and 2 months old, respectively. Although the calves on the milk 
diet failed to develop properly in comparison with their controls they did not 
become anemic or more susceptible to parasitism as was anticipated from the results 
of i3revious work with milk diet and parasitism (Porter, 1935; Foster, 1936). At 
necrops}^ the calves in each pair that were fed only milk harbored 282, 346, and 0 
worms, whereas their respective controls on a normal diet harbored 2,888, 8,202 and 
887 worms. The worms from the milk-fed calves were also smaller than those from 
the calves on the regular diet. Failure of these blood-feeding parasites to develop in 
the milk-fed calves is possibly due to unfavorable environmental factors in the 
abomasum. 

26. Studies on Bovine GastrO'-mtestinal Parasites: VII . The Effects of a Low 

Plane of Ntitritmj> (C PInlls) on Immimity to the Stomach Worm (Hae- 

monchus contortus) . Roy L. Mayhew, Louisiana State University. 

The immunity to the stomach worm, Hae monchus con tortus, has not been com- 
pletely broken down and but little reduced by the feeding of cottonseed hulls to three 
calves. Each animal was demonstrated to be resistant by reinoculation, repeated 
egg counts, and post mortem examination. 

27. Further Data on the Blood Picture in Stomach Worm (Haemonchus con- 
tortus) Infections. Elaine T. Delaune and Roy L. Mayhew, Louisiana State 
University. 

In addition to the description of the bood picture of three calves recorded pre- 
viously (1940, J. Parasitol. 26 Stippl: 17) data on three more animals are here pre- 
sented. The erythrocytes decreased approximately 2 to 34 million below the 9,500,- 
000-10,300,000 normals between the 5th and 8th days after inoculation. A further 
decrease of about 2 million occurs within 23-28 days after inoculation. The hemo- 
globin, likewise, decreases in a similar proportion on approximately the same days. 
The total leucocyte counts increase from the pre-inoculation normal (9,600-11,000) 
to 15,800 to 27,900 five to seven days after inoculation. A rapid decrease follows 
within the next 25 days to minimum counts of 1,700 to 7,000 in different animals. A 
much greater range of variation persisted during the entire period of observation in 
the hemoglobin determinations, total erj^throcytes and leucocyte counts in all ani- 
mals after inoculation than during the pre-inoculation period. There was an increase 
in the monocyte and a decrease in the lymphocyte percentages. But very slightly, 
1 to 2 per cent, higher eosinophile percentages were obtained after inoculation than 
before. 
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28. Notes, on the Musculature of the Male Genitalia of Plaemonchus contortus. 
W. L. Threlkeld AND M. E. Henderson, Virginia Agricultural Experiment 
Station. 

A study of longitudinal and cross sections through the posterior region of the 
male nematode, H. contortus, shows that the gubernaculum is supported and slightly 
activated by longitudinal and transverse muscles and that the location of these 
muscles implies that slight movement is possible in three directions. Other muscles 
are described and their functions are explained on the basis of their origins, inser- 
tions, and locations: (a) Muscles 1 and 3, each named retractor spicularis lateralis, 
function to retract the spicule, (b) Muscle 2, retractor spicularis centralis, func- 
tions to retract the spicule, (c) Muscle 4, protractor spictdaris, functions to ex- 
trude the spicule and assist in contraction of the bursa, (d) Muscle 5, dilator 
cloacae, functions to dilate the cloaca, (e) Muscle 6, bursa expansa, functions to 
expand the bursa. 

Spermatazoa contained in gelatinous capsules are found in the grooves formed 
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l3y the longitudinal spicular ridges. Two i^airs of glandular-like bodies are shown 
proximal to the intestine. 

29. Sulfagttanidine Feeding as a Control Measure for Cecal Coccidiosis of 
Chickens. Marion M. Farr and Rex W. Allen, U. S. Bureau of Animal 
Industry. 

Tests involving 100 chicks used as principals, and 100 inoculated and 25 unin- 
oculated control chicks, were conducted to determine the value of sulfaguanidine as 
a prophylactic for Eimeria tenella infections. The birds were 12 to 16-day old 
Rhode Island Reds. One-half of the principals received a mash containing 1 per 
cent sulfaguanidine, and the other half received a mash containing 2 per cent of the 
drug for a period beginning 4 days before and ending 9 days after inoculation. 
Neither group exhibited symptoms of coccidiosis. A few coccidial stages were found 
in the group receiving the 1 per cent mash, but none was found in the group receiv- 
ing the 2 per cent mash. All inoculated controls exhibited typical symptoms of 
cecal coccidiosis and 33 per cent died. The mean gains in weight of the various 
groups were as follows: One per cent sulfaguanidine group, 99.8 gm; 2 per cent 
group, 95.6 gm; inoculated controls, 76.8 gm; uninoculated controls, 118.2 gm. 
The results indicate the efficacy of the drug as a preventive. 

In order to test the possible curative value of sulfaguanidine 25 chicks were 
given 3 per cent medicated mash and 25 were given 5 per cent medicated mash at the 
first sign of blood in the droppings. This treatment was continued for 6 days. 
Although the oocyst production was sharply reduced by the treatments named, there 
was no evidence that the drug had a significant curative effect. 

30. Effect of a Single Dose of Phenothiamne upon Egg Production and Viabil- 
ity of the Eggs of Simne Limgzvorms. L. A. Spindler and Kenneth C. Kates/ 
U. S. Bureau of Animal Industry. 

A pig passing approximately 2,247,000 lungworm eggs per day (experimentally 
infected) was given 20 gms of phenothiazine mixed with feed. Each day thereafter, 
counts were made of the number of lungworm eggs in the feces. Earthworm-feed- 
ing tests of the viability of the eggs in representative 50-gram samples of feces were 
made prior to administration of the drug and each day thereafter. Prior to admin- 
istration of phenothiazine the average infection acquired by individual earthworms 
varied from 400 to 500 lungworm larvae. Three days after treatment the number 
of lungworm eggs passed was approximately 1 million but in earthworm-feeding 
tests these annelids acquired an average infection of less than 1 larva each. Seven 
days after treatment the feces contained approximately 500,000 lungworm eggs and 
earthworms acquired average infections of more than 200 larvae each. By the 
eleventh day after treatment the number of lungworm eggs in the feces and the 
infections acquired by earthworms in the feeding tests had returned to near pre- 
treatment levels. Feces collected 3 days after administration of phenothiazine were 
exposed to^ prevailing \veather conditions for 1 month on soil outdoors. In subse- 
quent feeding tests each earthworm acquired an average infection of slightly less 
than 200 larvae. This shows that the phenothiazine present in the feces following 
treatment did not destroy the viability of the parasite eggs but apparently prevented 
the earthworms from ingesting them. The data also show that administration of 
phenothiazine is ineffective for the removal of lungworms from swine. 

31. Limited Tests of Phenothiamne as an Anthelmintic in Goats. Paul D. 
Harwood and James E. Guthrie, Dr. Hess and Clark Laboratories, Ashland, Ohio.* 

^ Goat 22 received 25 grams of phenothiazine November 13, 1940. Fecal exami- 
nation revealed two Chahertia, 61 Oesophagostojnmn vemilosimtf mA A 0. colitm- 
hianiim removed. Necrospy 4 days after treatment revealed 9 0. venulosum zxA 
3 Chabertia. Before treatment Haemonchus eggs were found in the feces, but no 
Haemonchus were recovered post-treatment. Goat 20 received 25 gms of pheno- 
thiazine February 11, 1941. Fecal examination revealed two Oesophagosfomuni 
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columhmmm and one Btmostonnmi removed. By sampling the feces 30 Tricho- 
strongylus (S.D. ± 3.75) were discovered. Necropsy, on Febrnary 17 revealed 25 
Trichostrongylus and 25 Cooperia. Goats 24 and 21 received 250 gins of pheno- 
thiaziiie each, and goat 23 received 100 gms November 13, 1940. Daily temperatures 
and haematocrit readings following treatment did not vary significantly. Alilk 
yields of goats 24 and 21 dropped on November 16 to approximately 60 per cent of 
the pretreatment level, but were above pretreatment level November 18. Treat- 
ment January 21, of goat 21, with 1,000 gms of phenothiazine, produced similar 
effects. Goat 24 received 2,000 gms of phenothiazine April 2; the milk volume 
diminished by 94 per cent on April 5, but recovered to 90 per cent of the pretreat- 
ment level by April 18. Goat 24 was sluggish and appeared to suffer abdominal 
pains April 3 ; the symptoms diminished April 4. Twin kids born to goat 19, March 
27, developed evenl}^ and normally, although goat 19 received phenothiazine doses, 
each of 25 gms, Alarcli 18, April 15 and 25 ; and of 50 gms, April 30. 

32. Skin and Precipitin Tests for the Diagnosis of Trichma Infections in 
Gram-fed and in Garbage-fed Hogs. L. A. Spindler and John L, Avery, U. S. 
Bureau of Animal Industry. 

In a large series of skin tests and a smaller series of precipitin tests made on 
hogs prior to slaughter in abattoirs, the tests often gave positive reactions in trichina- 
free hogs and sometimes failed to detect infections in hogs later shown to be 
trichinous. To test the effect of garbage feeding on the occurrence of non-specific 
skin and precipitin tests, skin and precipitin tests were made on 108 hogs experi- 
mentally fed garbage for 7 months and on 78 grain-fed hogs of comparable ages, 
sizes and breeds. Nine of the garbage-fed and 37 of the grain-fed hogs were experi- 
mentally infected with trichinae from 12 to 18 months prior to testing. The animals 
were kept outdoors under hog-lot conditions. 

Of the infected, grain-fed hogs, positive reactions to precipitin tests were ob- 
tained in 81 per cent; skin tests were positive in 78 per cent; both tests were nega- 
tive in 8 per cent. In the infected garbage-fed hogs, precipitin and skin tests were 
each positive in only 66 per cent ; both tests w’-ere entirely negative in 22 per cent. 
In the uninfected grain-fed group, positive precipitin reactions were obtained in 23 
per cent and positive skin tests in 13 per cent; both tests »were positive in 7 per cent. 
In the uninfected garbage-fed hogs, positive precipitin tests occurred in 37 per cent 
and positive skin tests in 44 per cent ; both tests were positive in 20 per cent. These 
data show that skin and precipitin tests for the diagnosis of trichina infections are 
less reliable in garbage-fed hogs than in hogs fed entirely on grain. 

33. Reactions in Garbage-fed and in Grain-fed Hogs to Iniraciitaneous Injec- 
tions of Various Diluents. John L. Avery, U. S. Bureau of Animal Industry. 

In intracutaneous tests for the detection of trichina infections in swine, reac- 
tions to control injections of diluents occurred in as many as 12 per cent of various 
lots of hogs tested. Some of the diluents used are commonly employed in intracu- 
taneous tests on human beings. To ascertain the effect of diluents alone when in- 
j ected into swine, intracutaneous tests with several sterile solutions were made on 
62 hogs fed garbage experimentally and on a comparable series of 50 grain-fed 
hogs. The reactions produced were in the form of either a solid pink, red, or 
purple color in the skin area injected, or an anemic wheal surrounded by a pink, red, 
or purple zone. Reactions to Coca’s solution occurred in 39 per cent of the garbage- 
fed and 26 per cent of the grain-fed hogs. Coca’s solution without phenol produced 
reactions in 51 per cent of the hogs fed garbage and in 43 per cent of those fed 
grain. Reactions to physiologic saline containing 0.5 per cent phenol occurred in 36 
and 29 per cent of the two groups, respectively. A buffered saline solution produced 
reactions in 45 per cent of the garbage-fed and 8 per cent of the grain-fed hogs 
tested. These data show that reactions to intracutaneous injections of diluent oc- 
curred more frequently in the garbage-fed hogs than in those fed grain, and indicate 
that the diluents used contributed to the nonspecific reactions in swine. 
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34. Precipitate Fonnafion around Trichina Larvae in Sera from Trichina-in- 
jected^ and Trichina-free Hogs, L. A. Spindler, John L. and Harry E. 

Zr.M MERMAN^ Jr., U. S. Bureau of Animal Industry. 

Recently 'several investigators have reported the formation of precipitates 
around the mouth of decapsulated larvae of Trichinella spiralis, 'whtn the larvae 
were incubated in sera of trichina-infected rats, rabbits, guinea pigs, and humans. 

In 1933 the senior author incubated decapsulated trichina larvae in sera of 3 trich- 

inous and 3 non-trichinous hogs. Precipitates formed around a small proportion of 
the larvae in sera from 2 of the 3 infected swine and also around some larvae in the 
sera of each of the uninfected hogs. Recent investigations by the present authors 
involved sera from 14 experimentall}^ infected and 61 uninfected swine, the technique 
used being that described by Olivier-Gonzalez (194'0), except that from 5 to 200 
larvae were used per serum preparation. No precipitates formed in the case of 
larvae incubated in sera from 4 (29 per cent) of the infected hogs irrespective of 
the number of larvae used. In the remainder, from 1 to 71 per cent of the larvae 

involved (average 17 per cent) showed the formation o| precipitates. Typical 

precipitates were observed in 1 to 73 per cent (average 7 per cent) of the larvae 
incubated in sera from 49 (88 per cent) of the uninfected hogs; sera from the re- 
maining hogs failed to cause the formation of precipitates. Precipitates in sera 
from uninfected hogs appeared on microscopic examination to be identical with 
those in sera from infected hogs. These observations indicate that this test cannot 
be relied upon to detect with certainty trichina infections in swine. 

35. Experimental Infection of Pigs with the Swine Thorn-headed Worm, Ma- 
cracanthorhynchus hirudinaceus. Kenneth C. Kates, U. S. Bureau of Animal 
Industry. 

Approximately 20 infective juvenile forms (acanthellas) of the swine thorn- 
headed worm were fed in one dose to each of 4 pigs (numbers 710, 706, 707, and 
693), and a total of several hundred (estimated) acanthellas were fed to a fifth 
pig (number 777) in 4 successive doses at 4- week intervals. The infective stages in 
question were obtained from grubs, pupae and adults of the green June beetle, Cotinis 
nitida, that had been infected 2 to 3 months previously while in the final instar stage. 
The prepatent period of the parasite was about 2-i months and the patent period 6 to 
9-J months, with the peak of egg production occurring 5 to 7 months after infection. 
At the peak of egg production each female worm produced approximately 400,000 
eggs per day. The numbers of mature parasites recovered at necropsy from the 
pigs were respectively 2 females, 1 male ; 1 female, 4 males ; 6 females, 3 males ; 1 
female; and 6 females, 7 males. With the exception of pig 777 more nodules than 
worms were found in the jejunum of the host at necropsy, indicating that the para- 
sites did not remain attached at one spot. This conclusion is based on the fact that 
excci>t ill pig 777 no acanthocephalids were passed in the feces during the course of 
the experiment. In the case of pig 777, all the females and one male were spon- 
taneously eliminated by the host at various intervals from 6 months to 2 w^eeks 
prior to necropsy, 13 months after infection. At that time fewer nodules than 
worms were found, this indicating that the nodules disappeared following loss of 
the worms. 

' 36. The Duration of Injectivity of Nematode Parasites of Cattle on Florida 

Pasture zoith Observations on Resistance of Calves to Natural Re-infection with 
Haemonchus contortus. Dale A. Porter, U. S. Regional Animal Disease Research 
Laboratory, Auburn, Alabama, Leonard E. Swanson and Terrence J, Drake, 
University of Florida. 

On April 1, 1941, six parasite-free yearlings were turned on a carpet grass 
pasture at Gainesville, Florida. This pasture was last grazed by parasitized cattle 
the previous fall (November 10, 1940). These yearlings were killed and examined 
for parasites, two each on the 35th, 91st, and 144th day after the beginning of the 
test. Haemonchus contortus, H, similis, Ostertagia osfertagi, Trichostrongylus 
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axei, Cooperia puncfafo, C. pectinata, Oesophagostomum radiatum and Trichnrls 
sp. were recovei'ed from these yearlings collectively but Bunosfmmmi phlehoiovuim 
and Dictyocaulus vknparus, also present in cattle on the pasture the previous No- 
vember, were not found. The free-living stages of the latter species were apparently 
unable to remain infective for the period of nearly five months during which the 
pasture had been vacant. (Temperature, 24° to 85° F, rainfall 18.05 inches.) Judg- 
ing from the number of worms recovered, H. contortus and O. radiatum were by far 
the most successful survivors. One each of the first two pairs of yearlings had 
been previously infected experimentally with H. contortus at Auburn, Alabama, but 
had" eliminated these worms some time before going on pasture. That these animals 
were resistant to natural reinfection with this parasite was indicated by the failure 
of H, contortus to develop in them, whereas the other yearlings acquired large 
numbers of this species. 

37. The Occurrence of Mites in Pimtipeds, Including a New Species from the 
California Sea-Lion, Zalophus californianus. Willi.s H. Doetschman, University 
of Southern California and The Biological Research Institute, Zoological Gardens 
of San Diego. 

A number of sea mammals, belonging to the suborder Pinnipedia, were exam- 
ined at autopsy at the San Diego Zoo to determine the prevalence of mites belonging 
to the genus Halarachne Allman, 1847. Permanent mounts were made by a modified 
technique of Ewing’s combination clearing-mounting media. The main changes in 
Ewing’s technique were the addition of basic fuchsin stain and the use of less chloral 
hydrate and more glycerol. A total of 74 animals were studied including 55 Cali- 
fornia sea-lions, Zalophus calif ormamts; 6 Stellar’s sea-lions, Eumetopias jubata; 
11 California harbor seals, Phoca richardii; and 2 elephant seals, Mirounga angus- 
tirostris. Infection of the lungs was found in 60.8 per cent and of the nasal passages 
m 21.8 per cent of these animals; a total of 70 per cent were infected. H. mlophi 
Oudemans, was found in the nasal passages of Stellar’s sea-lion (a new host record) 
and the California sea-lion. H. miroimgae Ferris, was taken from the nasal pas- 
sages of the California harbor seal (a new host record) as well as the elephant 
seal. Male specimens of this species, previously unreported, were also collected. 

A new species was recovered from the bronchial passages of the California 
sea-lion. This species is smaller than any previously described. The average size 
of the females is 920 p; males, 660 p. The dorsal plate is oval and contains 6 pairs 
of setae in both sexes. Morphology of the mouth parts of this species is distinctly 
different from species previously reported. A more detailed description of this mite 
and a discussion of the validity of the existing species of Halarachne will appear in 
another paper. 


38. Observations on the Duration of an Infection of Hymeholepis nana in Man. 
William Hugh Headlee, Purdue University. 

In 1933 a male individual 26 years of age was found to be . infected with Hy- 
menolepis nana. From January, 1933, to August, 1940, thirty-four stools from this 
'person were examined and each was found to be positive for that parasite. The in- 
fection was light when discovered, and continued to be light until June, 1938. At 
that time the infection became markedly heavier, and then gradually decreased in 
intensity until it reached its former level after six months. It then became neces- 
sary on occasion to use concentrate methods in order to detect the infection. Dilu- 
tion egg-counts were made on eight stools, the number of ova detected ranging from 
200 to 7,800 per gram B.F. At the time the tapeworm infection increased markedly, 
a heavy infection of Chilomasti.v mesjiili was found, and it persisted for a month. 
The increase in the intensity of the tapeworm infection at that time may have re- 
sulted from a disturbed balance due to the presence of C. mesnili in large numbers. 
Other parasites frequently found were the amoeba, Endolimax nana, and the yeast, 
Blastocysiis hominis. The infection of H. nana wa.s terminated in August, 1940, by 
treatment with hexylresorcinol. Four stools examined since that time, over a 
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period of more than a year, have been negative. Reinfection was guarded against 
by the practice of rigid sanitary habits. It is considered that direct reinfection did 
not likely occur and that the life-span of this cestode is considerably greater than 
formetl}' believed, or that internal autoinfection may have occurred. 

39. The Effect of Host Age on the Number of Trichinella spiralis Recovered 
from Rats during the Early Period of Infection. L. O. Nolf and Herman Zaiman, 
State University of Iowa. 

Sixty-eight rats belonging to three age groups were used in live experiments 
to study the effect of host age on the intestinal phase of trichinosis in rats. Group 
A consisted of 28 rats ranging in age from 3 to 12 months. Group B consisted of 
22 five-week-old rats. Group C consisted of 18 unweaned rats between 8 and 15 
days old. Each rat received 2,000 T. spiralis larvae per os. With only two excep- 
tions, recoveries were made between 36 and 86 hours after infection. The two 
exceptions were a 15-day-old rat and a 12-month-old rat which were autopsied eight 
and one-half days after infection. For statistical analysis, the data from all rats 
in the same group were considered together. The lowest average number of 
worms, 1,042 (S.D. = 246), was recovered from the unweaned rats, Group C. The 
next highest average number, 1,554 (S.D. = 260), was recovered from Group A, the 
3 to 12-month-okl rats. The highest average recovery, 1,777 (S.D. = 175), was 
made from the five-week-old rats. Group B. 

The difference between the averages of Groups A and C is 512. It is 6.6 times 
the standard error of the difference of the means. The difference between the 
averages of Groups B and A is 223. It is 3.6 times the standard error of the dif- 
ference of the means. The dift'erence between the averages of Groups B and C is 
735. It is 10.4 times the standard error of the difference of the means. 

40. The Effects of Immune Serum upon ike Larvae of Trichinella spiralis in 
Vitro. Edward P. Offutt, Jr., University of Rochester. 

In repeated experiments, no significant effect has been demonstrated on the 
infectivity for rats of Trichinella spiralis larvae following their exposure to im- 
mune rabbit serum for periods as long as from three to five days. Such larvae 
showed approximately the same infectivity as larvae exposed to normal rabbit serum 
under similar conditions. Infectivity was measured by counting the number of larvae 
that were able to develop to the adult stage. In one experiment, the productivity 
of the resultant worms was determined by counting the number of larvae recovered 
upon digestion of the rats a month later. No significant effect was observed. 

All immune sera used in the present experiments possessed preciptin titers of at 
least 1 : 10,000. Precipitates were observed to form at the anterior ends and along 
the bodies of larvae incubated in immune serum at 37° C, but the death rate of these 
larvae was not markedly different from that of larvae incubated in normal serum. 
A few larvae remained alive for as long as three weeks in both immune and normal 
sera. - 

41. Attenipted Passive Transfer to Rats and Mice of Immunity to Trichinella 
spiralis. O. R. McCoy and Franklyn F. Bond, University of Rochester. 

Various attempts to transfer immunity to rats and mice by the intraperitoneal 
injection of serum from rats and rabbits which had survived repeated feedings with 
larvae oi Trichinella spiralis have failed to demonstrate the passive transfer of any 
significant degree of increased resistance. In one typical experiment, serum pooled 
from 48 highly resistant rats was injected into 15 young adult rats in amounts total- 
ing 6 cc per 100 gm of body weight. Seven rats killed within 8 days after a test 
dose of 1,500 Trichinella larvae contained approximately the same number of worms 
in the intestine as was found in control animals. Also, the average number of 
larvae recovered by digestion from the muscles of the remaining 8 rats, which were 
killed after 6 weeks, was not significantly different from the number recovered from 
8 control animals. 




Four experiments were performed in which groups of 10 mice were injected 
with, immune rabbit sera having precipitin titers of at least 1 : 12,500. Each mouse 
received approximately 10 cc of serum per 100 gm of body weight When fed a 
test dose of 300 Trichin el la larvae, the mice injected with immune serum showed, 
on the average, about the same amount of intestinal and muscle infection as did 
comparable groups of control mice which either had received normal rabbit serum 
or were untreated. These findings fail to confirm the experiments of Culbertson and 
Kaplan (1938, Parasitology 30: 156-166) which reported increased resistance in 
mice injected with immune rabbit serum. 


42. The Protective Action of Normal Sheep Serum against Infections of Try- 
panosoma duttoni in the Mouse. William H. Taliaferro and Yelena Pavli- 
NOVA Olsen^ University of Chicago. 

The protective property of sheep serum against T. duttoni in mice described 
by Thiroux has been amply confirmed. Complete or partial protection may result 
from doses as low as 0.1 cc sheep serum per 20 gm mouse. Zone phenomena are 
frequent in titrating serums with graded doses. The miti-duttoni property is of 
variable occurrence in sheep and varies in titer in the same animal at different times. 
No satisfactory explanation for most of this variability has been found. Evidence 
from sheep of different ages and serial tests during two years on one mother and 
her lamb indicate that the protective property is present in the mother, but absent 
in the newborn lamb and does not appear in the lamb’s blood until after a year. 
The titer of the protective property is only diminished just before death after severe 
liver injury due to (a) poisoning with carbon tetrachloride, (b) pregnancy disease 
and (c) partial occlusion of the vena cava. 


43. The Trypanocidal Action of Sheep Serum on Trypanosoma duttoni. Wil- 
liam H. Taliaferro AND Lucy Gra\tes Taliaferro., University of Chicago. 

In the mouse, the protective property of sheep serum against infection with T. 
duttoni is slightly decreased after splenectomy and markedly decreased when splenec- 
tomy is combined with blockade by repeated doses of India ink or sheep serum (ex- 
haustion experiments). In vitro, sheep serum is trypanocidal to T. duttoni. 
Although the results are not entirely consistent, they indicate that the property be- 
haves like an antibody since it is absorbed by the parasites and is inactivated by heat- 
ing at 56® C for 20 minutes and reactivated by the addition of fresh guinea pig serum. 


44. Quantitative Relationships in Immunity to Hookworm. G. F. Otto, Johns 
Hopkins University. 

Single doses of 1,200 to 1,400 infective larvae of the dog hookworm, Ancylo- 
stoma caninunt, induced immunity in dogs sufficiently powerful to protect them from 
subsequent infections of 50,000 larvae. Single doses of 300 larvae, however, were 
not sufficient to protect the animals from 50,000 larvae. It seems likely, however, 
that some degree of immunity was induced by 300 larvae since the sera of such ani- 
mals, in some cases, formed precipitates with living larvae in vitro. A similar 
precipitin reaction was observed with Necator americamis larvae in sera of infected 
humans. Preliminary studies, however, indicate that the reaction is not qualita- 
tively specific since some canine immune sera reacted with N. americamis larvae and 
some sera of infected humans reacted with Zl. caninum larvae. 


45. Natural Resistance to Helminthic Infections. James E. Ackert, Kansas 
State College. 

Presidential address. 


46. A Case of Intestinal MyiaA^. Marcus W. Lyon, South Bend Clinic, and 
John D. Mizelle, University of Notre Dame. 

A twenty-three-year-old woman of South Bend, Indiana, reported to her physi- 
cian that she had passed “worms” in her stools for the interval of approximately one 
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month. A specimen examined in August, 1941, by the senior author revealed that 
the organisms in question were fly larvae (Lucilia sericafa). The patient reported 
no intestinal symptoms ; the stool examined was normal in shape and color ; and the 
larvae present were more toward the outside of the fecal mass than otherwise. 
Three years prior to this diagnosis the patient cotnplained of a burning sensation 
during urination but it is thought that this probably has no connection with the 
Lucilia sericata infection. However, Chandler has reported (1941, J. Parasitol. 27: 
465), a case of urinary myiasis with symptoms of a similar nature. It is not known 
how the maggots gained access to the digestive tract of the patient. Her house 
was unscreened and she complained of the large number of flies therein. 

The authors are grateful to Dr. W, B. Herms for specific identification of the 
larvae. 

47. Hexamita in the Blood of a Mouse, Justin Andrews and Madge Rey- 
nolds, Georgia Department of Public Health. 

The specimen showm is a thin blood film made from the lung-blood of an 
autopsied mouse, one of three inoculated intraperitoneally with human blood from a 
suspected case of relapsing fever. Two remained healthy and never gave evidence 
of blood^ parasitism. The twelfth day after inoculation, the third mouse showed 
progressive signs of sickness— sluggishness, rough coat, loss of weight. Films of 
tail blood diluted with sterile physiological saline were examined for spirochetes at 
daily intervals commencing the fourth day after inoculation. On the 12th, 13th 14th 
and IStlydays, unidentified organisms called flagellates, because of their character- 
istic, jerky movements, were seen in both bright- and dark-field preparations These 
were present in small numbers and could not be found in Giemsa-stained thin films. 
Un the 16th day after inoculation, the mouse died and was autopsied six hours 
thereafter. Thin smears were prepared from the lung, liver, spleen and kidney. On 
each of these, stained with Giemsa's stain, organisms which appear to belong to the 
genus H^amita (IT, murisf) were found. They were most plentiful in the lung- 
Ii j evidence of contamination with intestinal contents in any of 

the Wood smears. No attempt was made to transfer these organisms to other mice, 
u . films were examined from 116 other members of the mouse colony 

but no Hexamita was found. ^ Twelve of these were autopsied and smears of upper 
and laige intestinal contents in physiological saline were examined. An abundant 
colonization of Hexamita throughout the intestine was found in a single case. Ac- 
cording to Wenyon (1926), Hexamita has been found in the blood of cold-biooded 
vertebrates (frogs and tortoises). This appears to be the first record of its presence 
in the blood of a mammal. 

Tzuo Unusual Trematodes. H. W. Manter, University of Nebraska. 

- of black trematodes (Cam pula species) from the liver of a por- 

poise (Turswps gilhi) from the Pacific. Although Poirier (1886) described Cam- 
pula rochchrwn as ‘couleur noiratre,” he attributed this- color “au vitMlogene tres 
developpe sur toute la longueur du corps.” In my specimens a very persisteit black 
wfrTvery wick ” granules throughout the parenchyma. Living specimens 

A lepocreadid trematode from a marine fish {.Epinephelus mono) from Tor- 
tugas, Florida, has the genital pore median and directly posterior to the acetabulum. 

It represents a genus near .rdnatfocreadiuM. 

’Ponoc&tcmn (Nemaioda) from the Robin. J. D.w Web- 
STER, Rice Institute. j. wuii 

More thm 30 individual worms of this genus were taken from 7 out of 19 Ameri- 
can robins (Turdus mtgratonus) examined at Ithaca. New York. Five specimens 
are Porrocaecum ensicaudatum, ^^hkh has previously been reported in North 
America only from the mockingbird (Mimus polyglottus) ; the rest belong to a new 




S\, Demonstration of a New Parasitic Nematode from a Water Scavenger 
Beetle. A. C. Todd, University of Nebraska. 

Thirty-one adult female and 26 adult male nematodes were recovered from the 
water scavenger beetle, Tropistermis nimbaHts Say. (The beetles were obtained 
through the courtesy of Mr. M. J. Harbaugh.) The new nematodes appear to be 
congeneric with Oxyuris (HelicothrLv) hydroi described by Caleb in 1878 from 
Hydrous caraboides. Interesting features of the worms are the prominence of the 
anterior lip of the vulva and the coiled filament which surrounds the egg. 

52. The Host-Parasite Phylogenetic Complex: The Criteria and Their Applica- 
tion to the Opalimd- Amiran Complex. John Luther Mohr, University of Cali- 
fornia. 

The proof of parallel evolution of parasite and host groups rests upon positive 
identification of parasite and host species. It is therefore desirable to use groups 
with obvious specific characters. Materials must be in good condition. Samples 
must be numerous and scattered evenly taxoiiomically, ecologically, and geographic- 
ally. Other possible hosts must be sought in the same ecological niche and in ani- 
mals related to known host groups. If on the basis of population surveys there 
seems to be evidence of host-parasite specificity, one should investigate limiting 
factors and the possibilities of making experimental transfers of parasites to hosts 
closely and distantly related to the wild hosts. 

With a body of positive evidence of rigid host specificity from both survey and 
experimental sources, one may examine the host and parasite series to determine 
which forms are iirimitive and which, derivative. If this can be determined satis- 
factorily in both series, he should see whether primitive parasites inhabit primitive 
hosts, etc. If there is such coincidence, one may conclude that the groups probably 
evolved pari passu. 

Studies on the opalinid-anuran complex have been deficient because of poorly 
preserved materials, insufficient numbers, and poorly distributed sampling. Experi- 
mental studies have been inadequate and opalinid and anuran phylogenies have been 
carelessly drawn (by the workers on the parasites). A phylogenetic parallelism 
has not been demonstrated for this complex. 


Institute. 

Leidy, 1858, reported a gnathostome from the stomach of a mink; this species 
is now regarded as identical with Gnathostoma spinigerum of Old World carnivores. 
The opossum harbors a large species, G. didelphis, which has been reported from 
Louisiana and Texas. A new species, smaller than didelphis, has now been found 
in a high percentage of raccoons in east Texas. The body scales of these gnatho- 
stomes present the best differential characters. They differ in area of body covered, 
general size and shape, number of points on scales at different levels of the body, 
and most strikingly in their method of dwindling away posteriorly. In spinigerum 
the scales become single, widely scattered spines about 25 to 40 .ii long; in didelphis 
the}^ become minute scattered spines only about 10 p, long, and in the gnathostome 
of the raccoon they fuse into transverse serrated ridges. 


53. Some Observations on Histomonas from Wild Pheasants and Domestic 
Fowls. D. H. Wenrich, University of Pennsylvania. 

Measurements of 200 histomonads on prepared slides from ceca of two wild 
ring-necked pheasants (Phasianus torquatus) gave a range of diameter from 9.5 to 
19.5 microns with an average of 13.9 microns. Larger individuals up to 27 microns 
in diameter were seen. Most showed 4 flagella arising from a pair of basal gran- 
ules; a rhizostyle extended inwards along one side of the nucleus. A hyaline ecto- 
sarc was characteristic. About 12 per cent of histomonads from one pheasant 
showed a tubular or cylindrical extension from the surface, differentiated from the 
endosarc and covered by a layer of ectosarc and the surface membrane. Extensions 
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The endogenous cycles of four intestinal species of Eimcria, i.e., E. irresidua, E. 
magna, E, media, and E. perforans have been studied in the domestic rabbit. Each 
species^ produces two types of merozoites. They are designated as Type “A/' and 
Type “B,” each producing a first and second generation of merozoites. It is pos- 
sible that the first generation of Type “A^’ merozoites gives rise to microgametocytes 
or a second generation of merozoites, while Tj^pe “B” gives rise to rnacrogameto- 
cytes or a second generation of T 3 iDe “B” merozoites. The four species require the 
following lengths of time for completion of their endogenous cj^cles : E. ir residua, 
9 to 10 days; E. magna, 1 days; E. media, 6 days, and E. perforans, S days. 

58. A Study of the Paroxysms Resulting from Induced Infections of Plasmo- 
diuni vivax. G. Robert Coatney and Martin D. Young, U. S. Public Health 
Service. 

Three hundred and thirty-eight paroxysms were studied in 21 white male iieuro- 
sjqjhilitics infected with the St. Elizabeth strain of Plasmodium vivax. Chills 
occurred in only 201 (59 per cent) of the paroxysms. The absence of chills in 41 
per cent of these attacks, together with the fact that chills do not occur in 76 per 
cent of the quartan malaria paroxysms in Negro paretics, indicates that the term 
“chills and fever” inadequately describes a malarial paroxysm. The temperature 
was already elevated at the start of the chill, averaging lOO-d"^ F. The average 
length of the chill was 39 minutes and the average temperature rise during this 
phenomenon was 2.3° F. The average measurements for the 338 paroxysms were : 
time from onset of fever (100° F) to fever-peak, 3 hours, 52 minutes; time from 
fever-peak to end of fever, 6 hours, 18 minutes ; fever-peak, 104.8° F. The duration 
of the temperature of 100° F and above averaged 10 hours, 10 minutes per paroxysm. 
Using this as a measure, the total hours of fever experienced by a white paretic 
undergoing malaria therapy with the St. Elizabeth strain of P. vivax can be esti- 
mated by multiplying the number of paroxysms by ten. 

The 201 chill-accompanied paroxj^sms were compared with the 137 paroxysms 
without chills. The fever-peak average was 0.7° F higher in the chill-group and 
this difference was found to be statistically significant (6.26). Also, the average 
duration of the fever was 2 hours and 2 minutes shorter in the chill-accompanied 
group, but this difference is considered of doubtful statistical significance. The 
average rate of fever rise was 3.3 times faster during the chill (1° F in 17 minutes), 
than during any other period of fever rise (1° F in 56 minutes). It seems that the 
occurrence of a chill is directly responsible for the more rapid temperature rise and 
the higher peak temperature in the chill-accompanied paroxysm. 

59. Saurian Malaria. Clay G. FIuff, University of Chicago. 

Natural infections of Plasmodium were found in numerous lizards of the species 
Sceloporus f. ferrariperesi and in occasional specimens of Y. m. microlepidotus and 
Basiliscus vitfatus from Mexico, and commonly in Sceloporus u. tindulatus from 
Florida. The latter has been transferred by blood to collared lizards (Crotaphytus 
collaris), leopard lizards (C, wislisenii) and anoles (Anolis carolinensis). Other 
species (Cnemidophorus t. tessellatus, Phrynosonia coronatum and P. orbiculare) 
have been refractory to infection. Culex pipiens and Aedes aegypti fed readily on 
S. tmdtdahis a.nd one nearly mature oocyst was found on the stomach of an A. 
aegypti which had fed on an infected lizard. No evidence for the existence of exo- 
erj^throcytic schizogony was discovered in any of the natural or experimental infec- 
tions, While it is believed that more than one species are represented in our labora- 
tory infections, no identification or description will be made until extensive studies 
have been completed. 

60. Blood-cell Counts in Plasmodium durae Infections. Carlton M. Herman 
AND Jeanne Young, Los Angeles Wildlife Disease Research Station, 

Because of the wide variation in blood-cell counts in normal birds, a single 
low R.B.C. count cannot be considered diagnostic of infection. In normal control 
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turkeys the R.B*C. counts varied from 1,990,000 to 2,570.000 per cmm of blood from 
one bird and from 1,448,000 to 2,984,000 from another. The white cell counts varied 
from 20,800 to 29,500 per cmm of blood and from 13,800 to 34,800, respectively, from 
the same two birds. In the six turkeys inoculated with Plasmodium diirae the low- 
est count obtained was 1,248,000 R.B.C. Examinations were made at intervals of 
two and three days. In general the R.B.C. counts tended to drop with the appear- 
ance of over 100 parasites per 10,000 R.B.C. and remain at an average lower level 
until death or recovery. No apparent correlation was evident between parasite 
counts and individual R.B.C. counts, although the lower trend of the R.B.C. counts 
was much more pronounced and sustained in the infections with greater numbers of 
parasites. The changes in the W.B.C, counts were usually more marked, tending 
to be higher during* infection and reaching 78,800 in one bird just before the peak 
of the patent period ; however, the trend phenomenon was not as pronounced. 
Similar results were obtained with P. durae infections in Pekin ducks and in Cali- 
fornia Valley quail. 

61. The Anti-malarial Effect of Acranil Wendell D. Gingrich and Rollin 
S. Fillisiore, School of Medicine, University of Texas. 

Acranil, chemically related to atabrine, was tested prophylactically and cura- 
tively with infections of Plasmodium cafhemcrinm in canaries. A series of 30 birds 
was inoculated intramuscularly with pooled infected blood. In 5 of these which 
had received 2 mg in 0.1 ml 5 per cent gelatin daily by stomach tube for 5 days, previ- 
ous to inoculation, the incubation period averaged 10.4 days; whereas the incuba- 
tion period averaged 4 days in the 5 controls. The blood examinations became nega- 
tive in 3.4 days in 5 birds treated with 2 mg acranil daily for 5 days after the initial 
acute infection had developed, and in 4 days in 5 birds similarly treated with atabrine. 
In 5 birds of the same series the daily administration of 2 mg of acranil for 10 days 
immediately following inoculation delayed the appearance of parasites in the blood 
for 20.6 days, whereas similar treatment with atabrine delayed the appearance of 
parasites for more than 25 days, 

62. Reservoir Hosts of Chagas\ Disease in the State of Texas. A. Pack- 
CHANIAN, School of Medicine, University of Texas. 

A number of small mammals were collected in the state of Texas (armadillos, 
mice, and wood-rats around Three Rivers, Texas; opossum around Austin, Texas). 
Of these one nine-banded armadillo novemcinctus) ; 8 opossums (Didel- 

phys virginiana), two house mice {Mus musciilus)y 32 wood-rats (Neotoma micro pus 
micropus) were found naturally infected with Trypanosoma crum. 

63. The Occurrence of Heterodoxus longitarsus Piaget {Mallophaga: Boopi- 
nac) on Dogs in Mississippi. J. W. Ward, Mississippi State College. 

Heterodoxus longifarsuy Piaget, a biting louse, was found to be present on 7 
out of 40 dogs examined at this College during the past 10 years. These interesting- 
specimens belong to the family Menoponidae, the most of which infest birds. Mem- 
bers of one small sub-family, the Boopinae, originally were parasites infesting mar- 
supials in Australia. H. longitarsus has been reported from the dog twice from 
Africa (one of which is a personal communication from Dr. Rene du Toit), once 
from Formosa, once from San Francisco, and once from Oklahoma. It is interesting 
to note that this parasite, which had as its original host a mammal that is at the 
lowest end of the phylogenetic scale and was once restricted to a small section of the 
world, now seems to have established itself on mammals near the other end of the 
phylogenetic scale and has become distributed throughout the world. 

64. Mechanical Transmission of Shope Rabbit Fibroma by Certain Haemato- 
phagons Bugs. Cornelius B. Philip, Hamilton, Montana. 

Mechanical transfer of fibroma virus between a donor domestic hare, and 2 
test hares each by interrupted feedings and injection of 3 species of Triatomidae was 
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successful as judged by resistance of test animals to subsequent challenge closes of 
controlled myxoma virus. Three of these had shown small local lesions following 
test, while one bitten animal was wdthout any visible reaction at the site of attack. 
The donor was used on the fourth and seventh days after it was infected. On the 
other hand, animals tested by injection and feeding of ‘‘incubated” insects succumbed 
in the usual w^ay when infected wuth myxoma virus later. 


65. 0 xidation-reduction Potentials in Relation to the Cultivation of Endamoeba 
histolytica. Leon Jacobs, National Institute of Health. 

Potential-time curves have been obtained on pure cultures of each of the follow- 
ing bacteria : Leptotrichia huccalis, Clostridium welchii. Streptococcus hemolyticus, 
Bacillus subtilis and Bacterium coronafaciens. A rapid drop in the potential of the 
medium to an average minimum of -336 mv occurs with L. buccalis and to -500 mv 
with CL welchti, levels which are reached within the first 10 hours. The potentials 
nover around the minimum for 24 to 40 hours, then exhibit a more or less gradual 
return to positive levels. A minimum of - 114 to -150 mv is attained after 25 hours 
of cultivation of N. hemolyticus and B. subtilis and after 72 hours with B. roru/ra- 
this potential is maintained for up to 3 weeks. 

Cultures of E, histolytica with L. buccalis or CL welchii show abundant growdh 
but require transplants after 4 or 5 days for best results, wdiile wuth the other organ- 
isms the amoebae persist in the same tube for up to 3 weeks. Although excystation 
and growth of amoebae will take place at a potential of - 114 to - 150 mv, growth is 
more prolific at -300 to -500 mv. Also, the longevity of amoeba cultures is cor- 
related with the maintenance of reducing potentials. These data explain the suc- 
cess of Snyder and Meleney in securing excystation with cysteine PICl, which pro- 
duces a potential of - 160 to - 200 mv in the concentration used by them. The data 
also indicate that the cultivation of E. histolytica without bacteria will require 
control of the oxidation-reduction potentials of the medium, a heretofore neglected 
factor. 


66. Indie anuria and the Vitamin A Absorption Test in Giardiasis. C. P. Kat- 
SAMFES, W. A. Phillips, A. B. McCoord and S. T. Harris, University of Roch- 
ester. 

In a series of 15 cases showung Giardia cysts in the stool associated with mild or 
severe upper abdominal pain, 12, or 80 per cent, had indicanuria. In 6 of the 12 
cases, a duodenal drainage was also done and in every case the trophozoites of 
Giardia lamblia were found in the duodenal contents. The presence of detoxified 
indole (indican) in the urine of such cases suggests the possibility of interference 
by the parasite wn'th protein absorption in the upper intestinal tract. 

In 3 cases so far studied, a marked decrease in the rate and degree of fat absorp- 
tion was detected by the vitamin A absorption test. Ten to 14 days after treatment 
with atabrine, when the stool and duodenal contents showed no Giardia, in all cases 
a moderate but definite improvement in fat absorption was found. In one case, a 
repeat test 16 days later showed a very marked improvement in fat absorption. In 
another of the 3 cases, the cysts reappeared in the stool associated with indicanuria 
and abdominal pain 5 months after the previous atabrine treatment, and the absorp- 
tion test results remained well below the normal average. The results with this 
test so far appear to bear out the contention of Veghelyi (1940) that giardiasis inter- 
feres with fat absorption. 


67. Incidence of Protosoan Infection amongst the Personnel of a Large Gen- 
era! Plospital zmtk Special Regard to Incidence according to Race and Occupation.. 
Maurice M. Rothman AND Marion Laskey, University of Pennsylvania. 

A protozoan survey was made of the personnel and staff at the Graduate Hos- 
pital of the University of Pennsylvania. Included amongst them were the internes, 
nurses, nurses’ aides, porters, orderlies, maids, elevator operators, and those from 
the diet kitchen, laboratory, record room, administration office and x-ray depart- 


k\ 


i 




t r- 




■-h 

■i 



68. Survival Time of Intravaginally Implanted Trichomonas hominis. Robert 
M. Stabler, University of Pennsylvania, and L. G. Feo, Jefferson Medical College 
Hospital. 

Trichomonas hominis, cultured from the human intestine, could not be recov- 
ered from the vaginas of 25 women 48 hours after inoculation. Of these, 10 were 
negative for T. vaginalis and IS were positive. Seven women (two negative, five 
positive for T. vaginalis) were examined after a 24-hour interval. One (positive 
for T. vaginalis) was still positive for T. hominis. Of those examined at shorter 
intervals, two at six hours gave one positive and one negative; seven at four hours 
gave two positive and five negative; two at two hours were both positive; at one and 
one-half hours, three were negative and five positive ; at one hour four were negative 
and seven positive ; and of two examined at one-half hour, one was positive, one 
negative. Two of the seven positive at one hour were negative at one and one-half 
hours. One woman, positive at one and one-half hours, proved negative in a subse- 
quent four-hour experiment. The one person positive for T. hominis at 24 hours, 
was negative when tried later in the 48 hour series. It is concluded that T. hominis 
will not survive in some human vaginas even for one-half hour; that in others it 
may live for as long as 24 hours ; that it does not survive intravaginally as long as 
48 hours. The bacterial and pH conditions associated with these cases will be re- 
ported later in detail. 


69, Notes on a Microsporidian Parasite, Duboscqia sp., of Reticulitermes of 
Maryland. Richard R, Kudo. University of Illinois. 

Of 330 workers of RcticuHtermes sp., collected near Solomons Island, Mary- 
land, and studied at the Chesapeake Biological Laboratory in July and August, 1941, 
21 individuals were found to be infected by a microsporidian. The organisms occur 
in the hypertrophied adipose tissue or “cysts” which are attached to the anterior 
region of the mid-intestine, and suspended freely in the hemolymph. The number 
of such cysts present in a single host varies from one to eleven. They are opaque 
white and spherical to ellipsoidal, varying in size from 200 p in diameter up to 625 
by 375 p. The cyst is filled wdth young and old sporonts which contain developing 
sporoblasts or spores. The developing sporont contains 16 sporoblasts that develop 
into 16 spores. The mature sporonts are subspherical to ovoid, and measure 11-14 p 
by 8.6-10 p. The sporont membrane is delicate, but distinct and holds the 16 spores 
in a group long after spores become fully-formed. The spore is ellipsoidal and 
measures 4.3-5 .9 p by 2.2-3 p in life. Extruded polar filaments are 85-120 p long. 
Feulgen demonstrates a single nucleus in the sporoplasm. Seeing a similar micro- 
sporidian in the body cavity of Reticulitermes lucifugus of France, Perez (1908) 
established a new genus and species, Duboscqia legeri for it. This is one of a few 
true protozoan parasites, and, as far as the present writer is aware, the third record 
of microsporidian infection in the termite. 


70. The Fate of Some Species of Schistosome Cercariae in Chick Embryos. 
Sterling Brackett and Albert J. Beckmann, University of North Carolina, and 
the Biological Station of the University of Michigan. 

Chick embryos were tried as a possible culture medium for the development of 
some of the dermatitis-producing schistosome cercariae (C. elvae, C. stagnicolae, 
and C. physcllae) whose life cycles have thus far remained unsolved. Chick embryos 
were chosen since it is common experience, in virus and bacteria experimentatfon, 


ment. A questionnaire regarding the individual’s travels, pertinent past medical 
hi. story, and present symptoms if any, accompanied each specimen submitted. Each 
of the authors independently examined all of the material by fresh wet preparations 
and stained slides. A total of 307 individuals submitted specimens. They were 
divided into two main race groups, the white and the colored. The incidence of 
infection as a whole is recorded as well as the incidence of infection within the 
individual groups. 
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that they constitute a versatile and non-specific medium. Furthermore, McCoy 
(1936, J. ParasitoL 22: 54-59) obtained development of the IsiTvae of Trie hinella 
spiralis in chick embryos. The cercariae were washed in a continuous flow of 
sterile water in a closed system after which they were introduced aseptically onto 
the chick embryos. The cercariae wwe never completely freed of bacteria as shown 
by bacteriological controls but 18 embryos lived 3 clays or more after inoculation, 
and 6 hatched. Eight embryos were sacrificed and these plus 15 that died 
examined for developing schistosomes but all were negative. Observations indi- 
cated that the cercariae did not penetrate the tissues of the embryo. Cercariae 
were then placed in saline extracts of minced chick embryos of various ages. The 
cercariae remained unaffected (retained the free-living behavior) for longer than 
two hours in extracts of embryos not oyer 17 days old. In extracts of chick embryos 
18 days old or older the cercariae were inactivated and killed in less than two hours. 
It is suggested that chick embryos less than 18 days old do not possess substances 
necessary to stimulate the development of the cercariae but that on about the 18th 
day a cercaricidal substance develops which is capable of killing the cercariae rapidly. 


71. Studies on Host-Parasite Reactions, VI. An Hypothesis to Account for 
Pigmented Mefacercarial Cysts in Fish. George W. Hunter, III, Wesleyan Uni- 
versity. 

Several years ago a program centering around a study of larval parasite-host 
reactions in fish was initiated with the hope of explaining the underlying differences 
noted in host reactions between such tissue penetrating groups as the Strigeidae, 
Ciinostoniidae and Heterophyidae. After the life cycles were known the next step 
involved an histological study of the cysts in their various locations. In this way 
the metacercarial cysts of C. marginatum, Posthodiplostomum ntinmiini, Ihmlifer 
ambloplitis, and Crassiphiala bulboglossa have been described, using special connec- 
tive tissue stains. The cyst of Cryptocotyle lingua is now being examined. 

Recently the relationship between the parasite, C. lingua, and its metacercarial 
host, the cunner, T. adspersus, has been studied with the hope of ’ determining* the 
mechanism involved in the production and deposition of pigment in the melanin 
bearing cells that surround the parasite cyst. Cyst and normal melanophores were 
compared by various physiological means, while the controlling mechanism of nor- 
mally pigmented cells was studied to furnish a further basis for comparison. As a 
result of these studies the following hypothesis is presented to account for the forma- 
tion of pigment cells about the cyst. It is known that melanin is produced as the 
result of a series of complex chemical reactions involving for example, an enzyme 
such as tyrosinase and the chromogen, tyrosine. It is suggested that certain cells 
of fish contain such a necessary enzyme but lack the chromogen. The parasite at 
the time of penetration (or shortly afterwards) supplies the necessary substance for 
pigment production thus accounting for the Gharacteristically melanated cysts. The 
dearth of pigment bearing cells about some cysts (as Clinostomum) may be due to 
the absence of the necessary chromogen in the parasite. Further evidence is being- 
sought on these points. 


72. Observations on the Geographical Distribution of Digenetk Tremafodes of 
H. W. Manter, University of Nebraska. 

Comparisons are made of trematodes of the author’s collections from Tortugas, 
Florida (about 175 species), and from the tropical American Pacific (82 species) 
and of trematodes reported from Bermuda (about 26 species) and from Woods 
Hole (about 70 species). Assuming that the less known regions have been so 
sampled as to furnish a representative segment for comparison wdth the Tortugas 
region, a few- pronounced similarities and dissimilarities among these regions are 
suggested. In spite of incompleteness of the data it seems safe to conclude the fol- 
lowing. (1) Bermuda trematodes are exceedingly similar to those of Tortugas and 
rather distinct from trematodes at Woods Hole. (2) Trematodes of the tropical 
American Pacific have a pronounced similarity to the Tortugas fauna (over 28 per 
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trematodes show pronounced Arctic and also 
snedef ’m^ TI connections and about 12 per cent identity with Tortugas 

species. (4) The distribution picture can be largely explained bv oceanic currents 

the *eir abuiulance ai^ “ 

d genetic trematodes constitute a favorable group for distribution studies. 

HsfM'xIt ■■ *■« Their Naturally Infected Hosts. H. F. 

M.SU-AXD S. T. Li, Peiping Union Medical College, Peiping, China. 

Mo abstract received. 

74. Further Studies on the North American Hirudmea. Maevix C Meyer 
L ew Jersey College for Women of Rutgers University. ’ 

Our knowledge of the North American fresh-water Hirudinea fauna is sn 
mea,pr that any definite distribution and host record is of considerable importance 
Various collections, especially Piscicolidae, received for identificatiorhave y eS 

appreMblv Sec the Seld 'f epidemic proportions and may even 
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Observations on the development of the egg of Lcidyncma appendiculatum have 
been made dnrtng the course of some hatching experiments. These experiments 
show that two molts occur within the egg during the development of the larva. 
Under natural conditions the first molt occurs outside the host and results in the 
establishment of a resting stage which is infective for the roach hosts. The second 
molt occurs, under natural conditions, inside the roach; it can be demonstrated in 
vitro by treating infective eggs with dilute protein solutions. 

‘ 78. Removal of Chicken Tapezmrnis by Host Starvation and Some Effects of 

:* Such Treatment on Tapeivonn Metabolism. W. M. Reid, Monmouth College, and 

J. E. Ackert, Kansas State College. 

« The loss of strobilae of Raillietina cesticillus after 24 to 48 hours of host starva- 

tion (Reid, 1940, J. Parasitol. 26 Suppl: 16) suggested the use of starvation in tape- 
worm control. However, the fact that some scolices were retained in the gut for 
as much as three weeks of starvation, new strobilae being subsequent!}^ regenerated, 
^ makes such a procedure impractical. This starvation effect is probably the essen- 

* tiai factor in various “treatments” suggested to poultry producers. A claim that 

treatment may be effected by limiting the diet to oats for a few days appears to be 
; based entirely on concomitant starvation efifects. Under experimental conditions 

substitution of oats for the normal ration resulted in partial or complete voluntary 
host starvation for one or two days together with the elimination of strobilae. Later, 
when the oats were taken in quantity, the worms were again able to develop gravid 
proglottids. Further studies on the chemical composition of worms removed from 
the gut of feeding fowls as compared with worms from fowls which had been off 
feed for 20 hours showed no significant change in fat content but a relative rise in 
nitrogen and water. These findings substantiate the view that the loss of strobilae 
in starvation is due* primarily to depletion in the glycogen reserve to such an extent 
that muscular energy is no longer available for the worms to maintain their positions. 

I ^ 79. Effect of Atabrine upon Experimental Cysticercosis of Mice. James T. 

Culbertson and Sylvia H. Greenfield, Columbia University. 

Thirty-two mice were fed 500 onchospheres of Taenia taeniaeformis. Twenty- 
two of the animals were treated with 5 mg of atabrine for two days before infection, 
and thereafter on alternate days during the ensuing four weeks. The treated animals 
and the controls were then autopsied and the cysticerci on the surfaces of their 
livers were counted. At autopsy, all the control mice were heavily infected, an 
average of 119.9 living cysts and 9.2 dead cysts being counted. Among the 22 
treated animals, an average of 12.7 living cysts and 23.7 dead cysts were found. No 
living cysts whatsoever were found in 11 of the treated mice. It thus appears that 
the development of Cystic ercus fascia laris in mice is prevented or retarded by the 
administration of large doses of atabrine. 

80. The Life Cycle of Dioctophyma renale, the Giant Kidney Worm of Mam- 
nials. Arthur E. Woodhead, University of Michigan. 

Eggs of D. renale will hatch in the intestine of branchiobdellids. Movement 
begins in one minute, hatching is finished in five minutes, and penetration into the 
body cavity is finished in 15 minutes. At about the 10th day the anterior third of 
the larva swells and the three pharynx lobes, with chitinous elongations, begin to 
form. Cephalic papillae are plainly seen. Later the larva begins to coil the pos- 
terior two-thirds and the body cells increasing in number hide internal development. 
At six weeks the coiled larva is forming a tightly coiled, cyst. Its great similarity 
to the cyst of Paragordius is startling. It is evident that the life cycle of D. renale 
has been concealed by this close similarity. Only in the manner of coiling of the 
posterior third, can the two cysts be distinguished. 

Numerous cysts of Para^ordiW are found in branchiobdellids and we have also 
found a larva of D. renale in the body cavity. The number of U. renale cysts occur- 
ring in nature appears to be small. Crickets which serve as second intermediate 
hosts for Paragordius are found also to contain a larval form with elongated body 
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and a retracted head organ of the D. rcmle-Paragordhis t 3 'pe. In specimens up to 
20 mm there appears to be no degeneration of the head structures. This size larva 
and its licad organs would suit conditions for penetration required of a D. renale 
larva. Feeding experiments are in progress to determine if this form is the larva 
of D, renale. 

81. The Possibilify of Chemical Control of the Snail Intermediate Hosts of 
Schistos(jma mansoni in Vcncmiela. George W. Luttermoser. Institute Nacional 
de Higiene, Caracas, Venezuela. 

A coini)arison was made of the efficacy of copper carbonate and solutions of 
recently slaked lime for killing the common snail intermediate hosts of Schistosoma 
mansoni in Venezuela. A 1 : 1,000 solution of lime or a 1 : 10,000 solution of copper 
carbonate killed all these snails in 48 hours. In the presence of soil, a greater con- 
centration of both chemicals was necessary, i.e., at least 190 grams of lime per 
square meter of water area or about a 3 : 1,000 solution. The use of the lime is recom- 
mended, because in solution it also killed the miracidia and cercariae of S. mansoni; 
it is strongly bactericidal ; and it proved nontoxic to rats, mice, a dog, a monkey and 
a calf. Furthermore, lime is readily’' available, is much cheaper and much easier to 
use and may help to neutralize the soil which is acid along many irrigation canals in 
A^enezuela. 

Of five typical areas selected for field-test, three were parts of irrigation canals, 
and the other two were water reservoirs. Movement of snails into or out of these 
areas was prevented by screen doors. Two days before and after the lime treat- 
ment in each region, collections of 200 or more snails were made and if they did not 
respond within 48 hours to favorable conditions or to different stimuli, they were 
called “dead.” Some of each collection were dissected. Before any treatment, 93, 
100, 100, 97 and 55 per cent were alive. After two applications of lime, about 14 
days apart, the snails were all killed in two of the five areas, wdiile in the other three 
areas the percentage of living snails was reduced to 2, 1, 2, 5, and 2 per cent. 

82. Effects of Duodenal Mucus of Dogs and Sivine upon the Viability of As- 
caridia lineata in Vitro. L. L. Eisenbrandt, University of Kansas City, and J. E. 
Ackert, Kansas State College. 

Ackert, Edgar and Frick (1939) showed that a saline extract of the chicken 
intestinal mucosa did not kill the chicken nematode, Ascaridia lineata^ when cultured 
in vitro. Similar studies were made upon the viability of 349 nematodes of the same 
species using duodenal mucus extract of dog and of hog. Control worms w^ere 
placed in a nutrient salt solution. The mortality of A. lineata cultured in dog mucus 
extract was: 24 hours, 35 per cent; 48 hours, 96 per cent and 72 hours, 100 per 
cent. The death rate of control worms for the same respective periods was : 3 per 
cent, 8 per cent and 17 per cent. Essentially the same results were obtained with 
hog duodenal mucus extract ; the mortality at 24, 48 and 72 hours was : 0 per cent, 
81 per cent and 100 per cent. During the same periods control worms died as fol- 
lows : 0 per cent, 0 per cent and 28 per cent. Some of these worms lived for a 
week in the nutrient medium. The difference between the mortality rate of the ex- 
perimental worms and the control w^orms in both groups for each period was statis- 
tically significant. Therefore, mucus extracts of both dog and hog caused the early 
death of all the fowl nematodes tested. This may suggest that the host specificity 
of Ascaridia lineata is attributed, in part, to duodenal mucus. 

83. The Role of Duodenal Mucus in Age Resistance. X,. P. Frick and J. E. 
Ackert, Kansas State College. 

On the basis of the close relationship exhibited between the increase in the num- 
ber of goblet cells in the intestine of older chickens and the development of an age 
resistance in chickens to the fowl nematode, Ascaridia galli there was reason to 
believe that some substance might be secreted with the mucus from the duodenal 
goblet cells which might be instrumental in the development of the age resistance. 
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84. Intestinal Resistance to a Second Infection of Trichinella spiralis. Arthur 
J. Levin and Titus C. Evans, University of Iowa. 

As previously reported (Levin and Evans, 1940, J. Parasitol. 26 Suppl: 31), 
it was possible to treat Trichinella spiralis larvae with roentgen radiation (3250- 
3750r) which inhibited the development of offspring without preventing the matura- 
tion of the larvae in the intestine of the host. In this way, irradiated larvae estab- 
lished an intestinal infection in rats without the usual consequent muscle phase. The 
next step was to determine whether an intestinal infection of T. spiralis, without 
the resulting muscle invasion, would grant host resistance to subsequent Trichinella 
infections. Therefore, 3 groups of rats were infected wdth irradiated (3250r, 3500r, 
and 3750r) larvae. The first group w^as re-infected with normal larvae after tw ’’0 
weeks, the second group after 3 weeks, and the third after 4 weeks. Three rats, of 
each group, w^ere re-infected with a dose of 2,500 larvae and three were re-infected 
with a heavier dose (10,000 larvae). Tw^o months after the last rat was re-infected, 
all of the rats were killed and larval counts were made. The control rats (un- 
treated) gave larvae-larvae ratios of 42.81 (heavy infection) and 66.00 (lighter 
infection). The 18 treated rats gave an average ratio of 0.49, with one extreme 
case of 12.50. The treated rats were as resistant to heavy re-infection doses as they 
were to lighter ones. 

85, Demonstration of Naturally Acquired, Passive Immunity to Hymenolepis 
nana var. fraterna. John E. Larsh, Jr., Johns Hopkins University. 

Passive transfer of immunity from mother mice to their offspring has been 
demonstrated for the cestode, Plymenolepis nana var. fraterna. At the time of 
weaning (around 21 days), mice born of an infected mother show^ed an average of 
about 0.7 per cent development of cysticercoids from a test infection, in contrast to 
an average of at least 6 per cent in the young of uninfected mothers. This resistance 
to infection persists for about 38 to 40 days. The immunity is passively transferred 
from mother to offspring both in utero and in the milk. That received in utero is 
ephemeral and of slight significance compared with that obtained from the milk. 
Infected and uninfected mothers were exchanged immediately after the young were 
born, so that an infected mouse would raise the litter born of an uninfected mouse, 
and vice versa. When these young w'-ere infected 21 days after birth, those which 
were protected by the milk alone showed a percentage development of cysticercoids 
of about 0.7 per cent; those which received protection only in utero about 1.6 per 
cent ; and the controls about 6 per cent. When mice were infected after parturition, 
it was found that the offspring were as well protected as those born of mothers 
which had been infected early in pregnancy. Mice that had lost their infection 
more than a month before conception were still capable of transmitting protective 
antibodies to their offspring.. This demonstration of passive transfer of immunity 
from mother to offspring lends support to the evidence already available that an 
antibody is involved in immunity produced against this parasite. 


86. Effects of Testosterone on Nematodes. Lyell J, Thomas, University of 
Illinois. 


Data obtained from tests in which A. g alii were cultured in vitro in the pres- 
ence of duodenal mucus from resistant chickens indicated that this mucus had the 
ability to inhibit the growth of the worms. Furthermore, it was shown that the active 
agent in the mucus was thermostable. These tests were repeated using numbers of 
samples large enough for statistical treatment. A. galli from 30 to 90 days of age 
taken by 10-day intervals w’ere treated with mucus from chickens 60 to 140 days of 
age considered by 20-day intervals. The mucus used in these tests was not treated 
with heat before use. 

The data in this series of experiments when analyzed by analysis of variance 
yielded the highly significant F value of 6.35. It has thus been demonstrated that 
the duodenal mucus samples differed significantl 3 ^ in their ability to inhibit the 
growth of the nematodes, and that the effectiveness of the mucus as a growth 
inhibitor varied directly with the age of the chickens from which the mucus was 
taken. 
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Xematodes of tlie genus RhabdUis were obtained from the body cavity of the 
carrion beetle Nccrophonts obicolh at the University of Michigan Biological Sta- 
tion, August 18, 1940. These nematodes were cultured successfully and on April 25, 
1941, a few crystals of testosterone were added to a culture (strain A). Worms 
w'ere transferred from it to fresh culture media without testosterone, one month 
apart, in July, August and September, 1941, but all males examined showed the 
spicules to be fused from the distal end part way so as to form a V-shaped structure. 
Control cultures showed the males to have normally two equal spicules. On October 
9, 1941, additional crystals of testosterone w^ere given to the fused-spicule strain, and 
when examined October 20, 1941, all males examined had but a single large spicule. 
The females were overly large and either sterile or their egg production greatly re- 
duced. This reaction to testosterone on the part of female nematodes is similar to 
that in the female mammal. 

87. Hatrzeorms as Parasites of Fishes. Ross F. Nigrfxli, New York Aquarium. 

From April to July of the present year, several tropical, semi-tropical and tem- 
perate fresh-water fishes present in the exhibition tanks of the New York Aquarium 
were found infected with hairworms (Gordiacea). The small tropical and semi- 
tropical hosts, Limia donunicensis C. & V., Poe cilia vivipara B. & S., Poecilohrycon 
sp., and Platypoccilus maculatus Gunther, had bellies so distended that they found it 
difficult to swim or keep themselves right side up. On rupturing the belly wall a 
serous exudate was released. In all cases two active worms, male and female, vary- 
ing in length from 65 ram to 215 mm, were found free in the body cavity and strongly 
coiled around each other. Further examination of the fshes showed that the organs 
were displaced and considerably damaged. The temperate fresh-water fishes, Salnio 
irideus Gibbons, Salveliniis fontmalis (Mitchill), and Micropterus pimctulatus 
(Raf.), showed no belly enlargement, and, with the exception of M. pimctulatus 
(Kentucky bass), two worms, male and female, measuring 125 mm and 135 mm 
respectively, had penetrated the sinus venosus resulting in a severe hemorrhage. 
All the worms were allocated to the genus Chorodes Creplin, 1847. Those found in 
the Kentucky bass and the trouts were definitely identified as Chorodes morgani 
Montgomery, 1898. Both males and females showed the characteristic distinction of 
the cuticular areoles and the caudal ends. 

88, Cultivation Experiments xvith the Avian Plasmodium circum- 

flexum. Frederick Coulston, Syracuse University. 

A cultivation method was sought that would keep the erythrocytes suitable for 
growth of the parasite, supply oxygen and carbon dioxide and permit agitation of 
the culture mixtures. Many types of containers were used. The best results were 
obtained with round-bottomed test tubes. These were bent almost at right angles, 
3.5 cm from the bottom, and indented below the bend. Thus the end of the tube 
became a separate compartment communicating by a narrow opening with the upper 
portion. This shape helped preclude contamination and prevented the mixture 
from running up the sides of the tube. The agitator was mounted in an incubator 
(35-39° C). Agitation was controlled by a time clock. Good results were obtained 
with the following mixture : 1 part each of 1 : 1000 heparin, normal blood, heavily 
parasitized blood, and 2 parts Baker’s tissue culture fluid. Baker’s fluid is a buf- 
fered solution containing glucose with many of the essential proteins and vitamins. 
Sterile oxygen and carbon dioxide (5 per cent) were added by needle.. Fresh 
erythrocytes were supplied daily. 

P. circnmflcxum was grown for at least one asexual generation. In some ex- 
periments, of two weeks duration, possibly three and four generations developed. 
There was usually a definite increase in the number of parasites from the third to 
the seventh day. Good cultures, 1 to 13 days old, produced infections in canaries, 
Invasion of freshly supplied erythrocytes was easily demonstrated. After three 
days most large schizonts and segmenters were observed growing in remains of 
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CONSTITUTION OF THE AMERICAN SOCIETY 
OF PARASITOLOGISTS 

(Including revisions of Dec. 30, 1931, Dec. 28, 1932, Dec. 29, 1933, and Dec. 31, 1940) 

NAME AND OBJECT 

The name of the society is the American Society of Parasitologists. 

I he object of the society is the association of workers in the field of Parasitol- 
tlfif Presentation and discussion of new or important facts and problems in 

-f adoption of such measures as will tend to the advancement 

of paiasitological teaching and investigation in this country. 

MEMBERSHIP 

The members of the society shall be of two classes, active and foreign honorarv 
Any person interested in parasitology may be a candidate for active membership.* 
M ^ scientist who has made eminent contribution to Parasitology mav 
be eligible for honorary membership. * 

Candidates for membership shall be elected by the Council. 

OFFICERS 

h. ^ President and a Vice-President, who shall 

be elected for one year ; a Secretary and a Treasurer, who shall be elected for two 
years ; and members at large of the Council. ™ 

+t,B Council shall consist of the President, the Vice-President, the Secretary 
the Treasurer, and eight members elected by ballot from the society at W two 
for four years two for three years, two for two years and two for oL year After 

Sr JarT'’ each S io tSe 

, ‘f’e Council is authorized to anooint 

a me^er to fill out the unexpired portion of the current year. 

Ihe routine business of the society shall be administered by the Council 
Five shall constitute a quorum of the Council. '-ouncii. 


DUES 

The dues, to include subscription to the Journal of Parasitotocv choli l r 
dollars ,ho TOr for „ert,or., onlo.s d,.„ged by ,„„Tf ,h“S(r " 

MEETINGS 

as thi cL^filSlirm"^^^^^^^ «^eti„gs 

During the annual meeting a business meeting will be held for the plectinn nf 
officers for the ensuing year and for the transaction of other Ssi^ess 

JOURNAL OF PARASITOLOGY 

£ 

ENDOWMENT FUND 

pri.*:£iwhrci,"£) 1* -r-r 

the Council and approval by a three-fourths votf id ‘the * “‘i members of 

present at a regular meeting-. The rntinn*i l it k members of the society 

of the fund, and the use of the income therefrom. ^ maintenance 


CONSTITUTION AND BY-LAWS 
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AMENDAIEKT 

On recommendation of a two-thirds vote of the Council, the constitution may 
be amended by a two-thirds vote of the members present at any regular business 
meeting of the society, provided that at least 3Q days’ notice has been given to the 
membership of the proposed amendment. 

BY-LAWS 

MEMBERSHIP 

1. Election of Members, An affirmative vote of all Council members present at 
a meeting shall be necessary for the election of candidates for membership. If the 
vote is taken by mail ballot, an affirmative vote of all members of the Council reply- 
ing within thirty days shall be required. 

2. Members in Good Standing. Members in good standing are those whose 
current dues are paid. 

3. Delinquent Members. The Journal of Parasitology shall not be sent to 
members in arrears, and members in arrears for the current year and two previous 
years shall be dropped from the roll of the society at the end of the current year. 

4. Reinstatement of Delinquent Menibers. Members dropped for non-payment 
of dues, or who have resigned, may be reinstated by the payment of all dues in 
arrears. Otherwise, the applicant must apply for election as a new member. 

5. N on-subscribing Members. Where a second membership in the society is 
taken in the same immediate family, the second member may join upon the payment 
of annual dues of one dollar, but without receiving the Journal of Parasitology. 

6. Honorary Life Members. Upon unanimous vote, the Council may recom- 
mend that the society confer honorary life membership upon distinguished American 
parasitologists over sixty years of age. Honorary Life Members shall enjoy full 
membership privileges and shall be exempted from the payment of dues. The num- 
ber of Honorary Life Members at any one time shall be limited to five. 

7. Foreign Honorary Members. Upon unanimous vote, the Council at its 
annual meeting may elect Foreign Honorary Members. No two men from the same 
country shall be elected in the same year. The number of Foreign Honorary Mem- 
bers at any one time shall be limited to twelve. Foreign Honorary Members may 
receive the Journal of Parasitology upon payment of membership dues. 

presentation of papers at annual meetings 

1. Except for invited papers, and papers coming to the American Society of 
Parasitologists program through joint sessions with another society or section, all 
persons presenting papers must be members of the society in good standing, or must 
be introduced by a member in good standing. 

2. Each member of the society in good standing may be allotted not more than 
fifteen minutes of program time, to be used in person or by a non-member intro- 
duced by him. If the program is crowded, the maximal allotment of time may be 
reduced to ten minutes. 

3. Papers offered for presentation too late to be included on the printed program 
may be presented at the conclusion of any of the scientific sessions provided that the 
presiding officer obtains the consent of the members present. 

officers 

1. The Council shall act as a nominating committee and at the annual meeting 
shall submit to the society at least one nominee for each office to be filled. The 
Secretary shall invite the members of tlie society to submit nominations for con- 
sideration by the Council. 

2. The Treasurer of the society shall act also as Treasurer for the Journal of 
Parasitology and shall be bonded for the sum of two thousand dollars. 

3. A sum of fifty dollars shall be allotted annually to the Secretary, to the 
Treasurer, and to the Chairman of the Editorial Committee for attendance at the 
annual meeting. 
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MANAGEMENT OF THE JOURNAL OF PARASITOLOGY 

1 . 1 he Journal of Parasitology, as the official organ of the society, shall be 
managed by an Editorial Committee appointed by the Council for a five-year period, 
and shall consist of one Protozoologist, one Helminthologist, and one Entomologist,’ 
one of whom shall be appointed by the Council to act as Chairman. 

2. The Editorial Committee shall be assisted by an Editorial Board consisting 
of twelve members appointed by the Council for a four-year period in such a way 
diat three members will retire and three new members shall be elected each year. 
The Effitorial Board shall consist of two Entomologists, four Protozoologists, and 
SIX Helminthologists to be elected on the basis of attainment, interest in the society 
and geographical location. 

3. The price of the Journal of Parasitology shall be five dollars per volume 
except to members of the American Society of Parasitologists who shall receive it 
as a membership privilege included in the annual dues of four dollars. 


endowment fund 

1. Council shall select a Custodian of the Endowment Fund and two associates 
to whom It may delegate responsibility for management of the fund. The Custodian 
shall make an annual accounting to Council and such other reports as Council may 
lequest The approval of two of the three custodians shall be necessary for the 
purchase, sale or exchange of securities. One of the three custodians shall be the 
Ireasurer of the society and his signature shall be required on all vouchers of 
expenditure from the fund. 


additions and amendments 

1. Additional_ by-laws may be created by a two-thirds vote of Council members 
present at a meeting, or by an affirmative vote of nine Council members in a ballot 
conducted by mail By the same procedure existing by-laws may be repealed 
amended, or suspended. 
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THE DIFFERENTIATION OF THE EGGS OF THE TRICHO- 
STRONGYLID SPECIES NEMATODIRUS 
FILICOLLIS AND N. SPATHIGER 

J. H. Tetley* 

Massey. Agricultural College, Palmerston North,. New Zealand 

In his description of species of Nematodiriis May (1921) was unable 
to distinguish clearly between the females of species ; two of these were 
N, fiUcoUis and N. spathiger. Among characters which he considered, 
were dimensions of eggs, and these were found to overlap between spe- 
cies. Thus he records for the eggs of N. filicollis a range of 130-200 [x 
in length by 70-90 jj in width and for A. spathiger, respectively 150- 
220 p and 80-110 jj. Tetley (1935) pointed out that if attention were 
paid to dimensions embracing the greater number of eggs of these spe- 
cies, specific differences could be observed, for the majority of the eggs 
of iV. filicollis were grouped within the limits of 140-165 jj by 70-85 p 
and those of N, spathiger within 180-210 p by 90-105 p, Shorb (1940) 
found that the dimensions for iV. filicollis ranged from 147.2-195.7 p by 
72.8-108.3 p. From the measurements he has plotted, though small in 
number, it is apparent that the majority fell nearer the lower limits of 
this range. 

A female oi Nematodirus has been found in which the eggs of each 
uterus, respectively, fell centrally in the N. filicollis and N. spathiger 
groupings. While this is regarded as exceptional, it is considered that 
in view of the possible use of egg measurements in specific identification 
of females of this genus, the evidence providing the basis for previous 
conclusions, together with more recent findings, should be made known. 

'''.yv:';'.'; MATERIALS AND METHODS ■, 

Material for measurement was obtained mainly from the dissection of 
females; the data pertaining to fecal eggs were collected in the course of 
applying the Stoll dilution egg counting method. Eggs dissected from 
females were measured as soon as possible after removal of worms from 

Received for publication, December 11, 1940. 

* The writer gratefully acknowledges the suggestions of Dr. Norman R, Stoll 
of the Rockefeller Institute. 
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and size; of tiiese, 20, again selected at i*andom, were dissected and one 
typical looking .egg from each measured. The results are plotted in 
Fig. 3. 

Sheep IV. 

Breed : Southdown Romney cross. 

Age : approximately twelve months. 

Dates of fecal examination : during 1935. 

Place of origin : Palmerston North, New Zealand. 

The data were derived from eggs encountered while making dilution 
fecal counts by the Stoll technique. These are plotted in Fig. 4. Post- 
mortem examination was not made, but from autopsies on other animals 
i^eared in the same paddock it was found that N. fiUcollis and H. spathi- 

were abundant while N. abnornialis and N. helvetimius were rarely 
present and then only as odd individuals. 

Aggregated Residts 

In addition to the foregoing data, the series was enlarged through the 
study of eggs from other worms, obtained from Romney cross lambs 
located at Palmerston North. In Fig. 5, the measurements of 280 of 
these are graphed, together with the 279 already shown from sheep 1-4, 
as a total sample of 559. 

To indicate something of the range of experience contained in the 
results, the dates and places of origin, number of sheep providing mate- 
rial, and the numbers of worms dissected are set out in Table 1. 


Table 1. Sources of material 


Date 

Origin 

Place 

Number of sheep 
providing material 

Source of eggs : 
Number of worms 

1932 Nov. 

Palmerston N., N. Z. 

1 

1 

“ Dec. 


1 

1 (See Fig. 1) 

1934 Nov. 


2 

2 

“ Dec. 

*i It t( 

3 

3 

1936 May 


1 

62 (See Fig. 2) 

1938 Jan. 

a a ' 

■ 1 

3 

“ Peb. 

a a a 

3 

19 

1939 Nov. 

Topeka, Kans. 

1 

20 (See Fig. 3) 

1935 ) 

1936 j 

Palmerston N., N. Z. 

1 

Feces (See Fig. 4) 

Total 

14 j 

111 (at least) 


Irregularities in Dimension of Eggs 

Occasionally when examining fecal material abnormally small Nema" 
fodirus eggs were found and, once, an infection (sheep II) was found 
in which females contained eggs of irregular dimensions. Among 62 
females from this latter source 8 contained eggs which departed in one 
or more respects from the normal. One worm was found to contain 
eggs of differing dimensions between the two uteri. Thus, of the 7 uni- 
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form eggs of the anterior uterus, there were 6 with the dimensions : 195 x 
8Sp, 195 x 93 M, 198 x93 M, 192x 96p, 192 x 99 m, 198 x90 m ; and 
among the equally uniform eggs of the posterior uterus 6 were of the 
following sizes : 171 x 78 p, 168 x 78 p, 160 x 81 p, 171 x 81 p, 168 x 81 p, 
180x81 p. 

Each of the remaining 7 worms, exhibiting irregularities, contained 
one or more abnormal eggs sandwiched between seemingly normal eggs. 

It was apparent, from the degree of segmentation and number of 
eggs, that egg production by the 8 females was below that of other mem- 
bers of the population among which, in turn, the rate fell below the nor- 
mal for the species. Malformed eggs were not to be found among the 
1,024 eggs found free in the contents of the alimentary canal of sheep IL 

DISCUSSION 

Eggs of Nematodirus species, partly on account of their thick resis- 
tant shells, are not readily subject to change in shape and volume through 
fluctuations in osmotic or mechanical pressure. The similarity of the 
results for dissected out eggs (Figs. 1, 2 and 3) to those for fecal eggs 
(Fig. 4) was therefore not unexpected. 

It is seen from Figs. 1, 2, 3, 4, and 5 that two distinct groupings of 
eggs were present; the obvious conclusion is that two species w^ere con- 

120r— ^ 


6100 

cr 
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X 

^70 


130 140 150 160 170 180 190 200 210 220 
LENGTH IN MICRONS 

Fig. S. The dimensional frequency distribution of Nematodirus eggs from all 
sources, including those in Figs. 1-4, supplemented by 280 others. It will be seen that 
the identity of the specific groupings is distinct. 
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cerned. Males of species other than N. filicollis and N. spathiger were 
so rarely found that the other species will be disregarded as insignificant 
in the present discussion. There can be no doubt therefore that the 
groupings were of N. filicollis ^.nd N. spathiger. 

In sheep I the finding of males in the proportion of 199 of N. filicollis 
to 1 N. spathiger indicated the probability that females taken for dissec- 
tion were of N. filicollis. The data from this sheep (Fig. 1) reveal that 
there was a dimensional range among the eggs of 138-201 p by 69-84 p. 

The even division of the males of the two species, N. filicollis and N. 
spathiger, observed by inspection in sheep II, is reflected in the two 
poupings of the eggs dissected from this animal (Fig. 2). One group- 
ing, 140-170 p by 61-85 p, coincided with that found in sheep I and it is 
concluded was of N. filicollis. That the second grouping, 180-215 p by 
85-110 p, was iV. spathiger is clinched by the results from sheep III 
(Fig. 3). A sample population from this animal contained 37 males of 
N. spathiger to 3 oiN. abnorrnalis, and this, it is believed, indicated that 
N. filicollis ^ was^ absent. The range of egg measurements, therefore, 
found m this animal, of 185-210 p by 90-110 p finally established that 
the eggs of the two species under discussion were distinct in size 

The results from sheep IV (Fig. 4) show that the groupings were 
pshnct among egp of fecal origin; and the aggregated results (Fig. 5) 
mdipte that despite the miscellaneous origin of the data the groupings 
retained their identity. It is therefore concluded that the differences 
lound were of general occuiTence. 

In view of the centering tendency found in the data, it was considered 
at a statistical treatment in which attention was paid to range of dis- 
tribufaon 111 conjunction with intensity of population would enable inter- 
Specific differences to be more clearly demonstrated. 

The specific population groups were regarded as resembling a bivari- 
ate normal frequency distribution sufficiently closely to permit the appli- 
cation of formulae relevant to the latter. Thus the range of the mean 
plus and minus twice the standard deviation which, in a universe, would 
enc ose 91.2 per cent of the population, was estimated for the data from 
^ ^Sgregated data for the arbitrarily defined specific popu- 

tions. These ranges, to the nearest micron, are given in Table 2. It 
can be seen for V. fihcolhs, ih3X the range for sheep I closely approxi- 
mated that for the aggregated results. This would indicate tha/only a 

fo^/lS/i- in every respect, were not avaflable 

of affaii r T that a different state 

of affairs obtained for this species. It was considered, therefore that 
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Table 2.— -The mean axial lengths of eggs of Nematodirus filkollis and N. spathigcr 
and the computed range of distribution of 91.2 per cent of their populations 


a Prom sheep L 

to From aggregated results (see Fig. 5). 

c The statistical range of the mean plus and minus twice the standard deviation. 

The ranges of distribution of 9L2 per cent of the populations of N, 
fiUcoUis and N. spathiger are seen in Table 2 not to have overlapped. 
In that these ranges were separated and that only a fraction of the popu- 
lations of the outer statistical zone (containing 8.8 per cent of popula- 
tions) overlay one another, the individual chances of eggs of one species 
falling within the 91.2 per cent zone of the other, were small. The par- 
tial overlapping of the outer zones of quadrants of the distributions 
reduced individual chances of falling within the extreme range of the 
second species, to within the vicinity of one in forty ; the individual 
chances of falling within the statistical range of 91.2 per cent of the 
other species were much smaller. It is therefore considered that the 
range of 91.2 per cent of the populations may be regarded as a specific^ 
character so far as N. filicollis and N. spathiger ai‘e concerned. 

Possibly in other instances where specific differences between females 
have not been cleaidy apparent this method of identification may have 
application. 

It is concluded that the malformed eggs were, from the point of view 
of the present discussion, of little significance. However, as the host in 
which these w^ere found was in a state of extreme exhaustion at the time 
of death and as many of the parasites were in the act of being eliminated, 
it is possible that they have significance as an expression of a phase of 
the host-parasite relationship adverse to the parasite species. The find- 
ing of even a few malformed eggs would, in this connection, be of impor- 
tance. 

SUMMARY 

By plotting lengths against widths it w^as possible to distinguish be- 
tween the eggs of Nematodirus filicollis Sind N. spathiger. 

The extreme ranges of the respective bivariate normal frequency dis- 
tributions overlapped but this did not happen within the statistical ranges 
of means plus and minus twdce the standard deviations. 

Ranges so computed were, for N. filicolUs, 12^-176 p by 69-86 p and 
for N. spathiger, 179-210 p by 88-107 p. 

In that these ranges were estimated to enclose 91.2 per cent of the 



Speciew 

j Means' . | 

Distribution of of eggsc 

Length jx 

Width n 

Length jx 

Width 11 

V. 

filicollis^ . . 


77.47 ± 0.23 

133-176 

71- 84 

V. 

ftUcolUs^ . . 

...... 153.9210.34 

77.16 + 0.14 

134-174 

69- SG 

iV. 

spathiger^ 

194.64 ± 0.44 

97.27 + 0.44 

179-210 

88-107 
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populations of the two species it is suggested that the}?- have value in the 
specific identification of females of the two species. 

It is further suggested that the method may have wider application 
in the identification of species where specific differences between females 
by means of other characters have not been clearly demonstrated. 

The finding of even a small number of malformed eggs in the feces of 
a host, it is concluded, is an index of a pitch of the host-parasite rela- 
tionship, adverse to the parasite. 
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THE EGG-LAYING FUNCTION OF A NEMATODE AS 
SHOWN BY STUDY OF NEMATODIRUS EGGS 
IN UTERO 


J. H. Tetley 

Massey Agricultural College, Palmerston North, New Zealand 

At present, methods do not exist for measuring exactly the pitch of 
the host-parasite relationship at one point of time. Vague indications of 
the potential of the relationship have been obtained by observing (1) the 
ability of parasites to survive, (2) the size to which parasites have 
n grown, (3) the effects of the parasites on the host over a period of time, 

(4) the feeding of the parasites, and (5) the fecundity of parasites as 
shown by fecal egg numbers, these latter being expressed either as an 
empirical figure or as a mean for the population. 

The degree to which the various functions of the pai’asites are related 
I to those of the host-parasite relationship seems still to be largely un- 

I known. It would be expected that they would be linked. Thus, in con- 

I nection with egg-laying of many parasites, from the standpoint of quan- 

tity of eggs produced, or the total bulk of such eggs, it would appear that 
i egg-laying has a relationship to the feeding of the worms, proceeding 

I either simultaneously or alternately at short intervals, with feeding. To 

I the extent therefore that extraction of food from the host is responsible 

^ for the effects, fecundity must be regarded as an index of these effects. 

I Support for this is provided by Stoll and Tseng (1925), who found that 

the production of eggs by hookworms, indicated by per gram fecal counts, 

I* paralleled clinical symptoms of disease caused by these parasites as mea- 

< sured by lowered hemoglobin or blood loss. Then again from the view- 

I point of host resistance or the favorability of the host for the pai-asite, 

! egg production has been used as an index. Stoll ( 1929) , with Hae- 

I monchiis contortus, the same author (1932) and Sarles (1932), with 

Trichostrongyliis calcaratus, were early in the field to investigate the 
V host-parasite relationship by following the egg production of parasites. 

In the belief, therefore, that closer study of egg production by para- 
i sites would result in knowledge that might aid in the measurement of the 

pitch of the host-parasite relationship, an examination has been made of 
the uterine egg populations of N ematodirus species in sheep. 

Graham (1938) has investigated the fecundity over a period, of single 

• individuals of Strongyloides ratti. The present approach, in essentials, 

• is complementary to this work in that the egg output of whole popula- 

I tions at one point of time has been considered, 

^ N ematodirus species were found a convenient experimental medium. 

I Received for publication, January 7, 1941. 
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The eggs of N. fiUcollis and N. spathiger are easily distinguishable from 
one another and from those of other genera; their numbers in utero are 
relatively small, though sufficiently numerous for effective statistical 
treatment; counting of cells is particularly easy in the eggs of this genus 
for segmentation rarely proceeds beyond the 8-cell stage in the host, and 
up to and including the 16-cell stage, at least, the comparatively large 
cells, resulting from holoblastic equal division, retain a clear-cut spherical 
form; eggs are laid in the order in which they are produced by the 
ovaries. Species were easily procured in abundance. 

MATERIAL AND METHODS 

Material was obtained from Romney cross lambs at Palmerston 
Xorth, New Zealand. 

Following slaughtering of the lambs, material was removed within 
the space of a few minutes and fixed in hot 5 per cent formalin in order 
to kill eggs, both within the worms and free in the ingesta. 

Examination for the numbers and degree of segmentation of eggs was 
made on the intact worms, using a dissecting microscope. 

Specific identification of females was accomplished from characters 
of the contained eggs (Tetley, 1935). 

.. RESULTS/,' 

Data were obtained from five sheep. Numbers I, II, III and IV 
were spring-born lambs approximately four months of age and in good 
health at the time of slaughtering ; sheep V was a summer-born lamb, 
also about four months of age at the time of autopsy, but in an exhausted 
condition as the result of parasitic gastritis. Populations of N. filicoUis 
and N, spathiger were located, in all five animals, mainly in the anterior 
part of the small intestine. It was apparent that the infection was in 
process of being eliminated in sheep V, as parasites were scattered along 
the whole length of the alimentary canal posterior to the duodenum. 

Material was taken from the small intestine of the first four animals 
without regard to the region of infection. In the instance of sheep V 
note was made of the section of the alimentary tract from which samples 
were taken. The accompanying tabulation indicates the number and 
origin of the female worms providing in utero data. 


Sheep 

Region of digestive tract 

N. filicoUis 

N. spathiger 

I 

Small intestine 

f< \ ■ ■■ 

18 

6 

XI 

15 

10 

III 

it 

31 

1 

IV ...... 

H (t .■ 

14 

5 

V 

7-12 feet 

40 

13 

1 

25-30 “ 

9 

30 


1 31-36 « 

5 

30 


37-42 “ 


19 


43-48 « 1 

8 

36 


Cecum 


26 
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Complete data on numbers and degree of segmentation of eggs were 
collected for the majority of worms above listed. In others the maximum 
degree of segmentation only was observed. 

A condensation of the data is set out as follows : 

Table 1, The frequency with which worms contained arrays of the 
various segmentation stages of eggs. 

Table 2. The frequency with which segmentation stages of eggs were 
found as maxima for individual uteri. 

Table 3. The relative frequency of segmentation stages of eggs of N. 
filicollis md N, spathiger found free in the lumen of sections of the 
alimentary canal of sheep V at the time of autopsy. 

Table 4. The mean frequencies of segmentation stages of eggs in utero. 
Table 5. The frequency with which one or other uterus predominated in 
number of unsegmented eggs. 

Table 6. The frequency of uteri containing unsegmented eggs. 

Table 7, The frequency of the numbers of unsegmented eggs in indi- 
vidual w^orms. 

Fig. 1 . The correlation between the anterior and the posterior uteri 
of individuals of A. filicollis in the numbers of unsegmented eggs. 

Fig. 2. The correlation between the numbers of unsegmented and 2-cell 
N . filicollis tggs in nitro. 

The Segmentation of Eggs 

On account of the small area of cross section of the lumen of the 
genital tract, eggs of N einato dints species proceed along its entire length 
in single file. Thus they come to be laid in the order of their origin in the 
ovary. Eggs of the anterior uterus may be crowded sometimes, and tend 
to lose this order ; the disruption, however, does not extend as far back 
as the 2-cell stages. Among the several hundred worms examined, in 
only one female of N. filicollis was the serial order of the eggs lost. This 
female contained an abnormally large number of eggs in both uteri. 

Following entry of eggs to the uterus and fertilization, segmentation 
begins, the successive cleavages taking place in the order of extrusion 
of the eggs from the ovary. In this tvay particular segmentation stages 
come to be grouped together. Departures from this sequence were rare. 
Among a total of 108 females of N. filicollis nnd 54 N. spathiger from 
sheep I, II, III, IV and V there were 6 worms of the former species and 2 
of the latter in which odd eggs were out of the normal segmentation order. 
In 3 of the N. filicollis females the interruption was associated with ob- 
vious size abnormality on the part of the displaced eggs. The remaining 
instances concerned normal eggs which were located among the next 
higher segmentation stage. These it is considered were examples of 
extreme fluctuation that might be expected to occur in the length of time 
of the various stages. 
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From the synchronous division of cells in individual eggs and the 
orderliness of the array of segmentation stages along the uterus it is con- 
cluded that the extrusion of successive eggs from the ovaries was at 
intervals of sufficient length to mask individual fluctuations in time of 
fertilization and in lengths of the succeeding cleavages. 

The Stage of Segmentation at Which Eggs are Laid and the D evelopment 
of Eggs in the Alimentary Canal 

The range of the maximum stages of segmentation found in individual 
worms and the frequencies of the various segmentation stages found in 
the lumen of the alimentary canal are set out in Tables 2 and 3. From 
these it is concluded that eggs were being laid by worms at the 2~8-celi 
stages, in both N. fiUcollis and N, spathiger the 3--4-cell stage being the 
one at which most worms were laying eggs. 

The frequently recorded fact that eggs of Neniatodirus are voided in 

Table 1, — The frequency of arrays of segmentation stages in populations of N. 
filicolHs and N. spathiger. An unbroken array has been regarded as one in which all 
intermediate cleavage stages between unsegmented eggs and the maximum stage 
found in a uterus, zvere present 


Frequency of array 


the feces of the host in the 8-cell stage was confirmed. Occasionally eggs 
in earlier stages of segmentation were found in feces and once a 16-celI 
egg was found in material removed at autopsy and fixed with heat within 
a few moments of the death of the host. 

In Table 3 comparison has been made of the percentages for each 
stage of egg-segmentation of N. fiUcollis spathiger from various 

sections of the digestive tract. The greater part of the populations of 
these two species was located in the anterior region of the small intestine ; 
therefore the comparison was essentially of eggs that had traversed almost 
the entire length of the small intestine. It is seen that the percentage of 
1-4-cell stages diminished with passage along the intestine, from 68 per 
cent to 30 per cent in the instance of N. fiUcollis and 61 per cent to 13 
per cent m N. spathiger. The conclusion is drawn that during the time 
of this passage manv ep-p-s pradnateH tn o . .n 


Species 

Slieep 

Anterior uterus 

Posterior uterus 



Unbroken 

Broken 

No eggs 

Unbroken 

Broken 

No eggs 

W fiUcollis 

I 

17 

1 


18 



ir 

III i 

13 

30 

1 

1 

14 

31 


- 

;; 

IV 

V 

14 

25 

3 


13 

19 

9 ! 

1 

N: spathiger j 

I 

II 

III 

6 

10 

1 

i j 

1 i' 

- 

6 

10 

1 

— 

- 

a u 

IV 

4 

2 j 

__ 

4 




V 

27 


1 

28 

1 

1 
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The relative freqimicy for N. filicollis and N. spathis 
m the lumen of the alimentary tract of sheep V at i 


^99 segmenfa- 
le of autopsy 


tod- while cleavages up to and including the thirc 

St SoSTSTSt S > «“ « 

lion of the ™.II ' S' trausportwl from the anterior por- 

non ol the small intestine to the exterior in feces. 

The Egg-laying Rate 

^ contained an uninterrunted 

had be°eif r' T ‘=°”‘=luded, indicates that the ovaries 

No. of “®®“ frequency of cell classes (Percentages in 

Sheeo worms — — patentheses) 

Anterior uterus i Pnstom„„ ~ 


No. of 
worms 
aver- 
aged 


N. filicollis 


{100) 
9.1 
( 100 ) 
6. 4 
(100) 
14.6 
(100) 
8.8 
(100) 


N. spathiger 


S.I. 7-12feet>> 
S.I. 37-42 feet 
Ceeumc 


^’JtnLtUger absent. 

feet, etc. : s< 
N. filicollis not found 


intestine mea.surea from anterior end. 


Soft ion of j Number of eggs 

digestive ' examined 

trjift ■ r~~ , — — 

Percentage of eggs 
in 1-4 cell stage 

Percentage of eggs 
in 5-8 cell stage 

^^.fil. 

N. spatli. 

•N . fil iV. spath. 

N. fil. 

N. spath. 

tS. intestine 

7-12 feet .... 04 

“ : I# 

31-3G » ... 

43-48 “ .... 1 oS 

Cecum 4 ^^ 

23 

28 

141 

247 

194 

68 61 

54 54 

o3 50 

37 32 

30 13 

32 

46 
' 47. 

63 

70 

39 

46 

50 

68 

87 



0 

0 5 10 15 20 25 30 

POSTERIOR UTERUS 

Fig. 1, The correlation in function between ovaries of the same individual of 
JSfemafodirus filicollis. The number of unsegmented eggs in one uterus, taken as an 
indication of this, has been plotted against the number in the other uterus of the same 
worm. In Table 4 the correlation between mean values for different sheep of each 
segmentation stage is given. 

egg-laying on the part of individuals for at least a short time before 
sampling. A further conclusion is drawn that the differences between 
uteri in numbers, of a particular segmentation stage, indicated relative 
fecundity. For the reason that unsegmented eggs outnumbered 2-cell 
eggs the^ former are regarded as the more delicate index of this function. 
Obviously the sum of the numbers of unsegmented eggs for both nteri 
indicated the relative egg output for individual worms. 

In Fig. 1, in which the numbers of unsegmented eggs of the anterior 
and the posterior uteri are plotted against one another, it is seen that 
there was positive correlation. Therefore, it follows that the uteri of 
worms did not alternate in function and that there was a direct relation in 
their relative fecundity. Table 5 shows that in sheep I, II, III, and IV 
the posterior ovary, by this same criterion of numbers of unsegmented 


worms in which there was an uninterrupted array of segmentation stages 
it was the rule in individual uteri for the mean number of eggs at partic- 
ular cleavage stages, earlier than the maximal (i.e., the stage laid by the 
worm), to occur in a nearly constant ratio (Table 4). 

In particular this applied to unsegmented and 2-cell eggs, the positive 
correlation betw^een which is showni in Fig. 2. The individual fluctuation 
in the ratio is evident. It is concluded that, where the values for the ratio 
approached the mean, they were indicative of uniformity in the rate of 
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-The frequency tuiih zAiich one or other uterus contained the more 
unsegmented eggs 





N. ftlicoUis 

1 N. spathiger 



Sheep 

Number 

of 

worms 

Frequency of uterine 
predominance in 
unsegmented egg 
numbers 

Number 

of 

worms 

Frequency of uterine 
predominance in 
unsegmented egg 
numbers 

— 




j Anterior 

Posterior 


1 Anterior 

Posterior 

1 



t (1) 

' (2) 

1 

(3) 

(1) 

(2) 

(3) 

II 



14^ 

17 

6 


6 

III 




— 

13 

31 

10 


10 

IV 



fJX 

Id. 

T 

1 


1 

V 

g.I. ^7-12 feet . , . 
S.I. 37—42 feet ... 
Cecum 

JL^ 

28^ 

1 

19 

13 

6 

4 

5‘'i 

19a 

Qa 

5 

4 

■4 

4 

9 

4 


the nomha- of woms ili 

eggs, produced eggs at a greater rate than the anterior ovary, and that in 
sheep V, the reverse took place. The direct relation between the two 
uteri in numbers of unsegmented eggs would mean that for particular 
conditions the worms functioned to the full extent of their potential. 

. ^“i”t)er of unsegmented eggs as an index of egg-laying rate is 
preferable to the total number of eggs found in worms. By the latter 
meftod no count IS taken of the individual differences in capacity of the 
individual uteri nor of time over which the eggs have been accumulated; 

the possibility of error is therefore greater. 

A check on the use of the number of unsegmented eggs in estimating 
lelative egg-laying rates, was obtained from results from the 7-12-foot 
section of the small intestine of sheep V. By totaling the number of un- 
sCj^men ec^ eggs of uteri, grouped according to the maximum stage of 
segmentation they contained, figures were obtained which it is considered 
indicated Ae proporffonal rate at which eggs of a particular stage of 

A 7 contained maximum stages of segmentation of 

ess than four cells there was a total of 301 unsegmented eggs. Where 
the maximum degree of segmentation was of 5-8 cells, worms contained 

Table 6— The frequency with which uteri contained unsegmented eggs 


Sheep 


N.fiUcollis 


Num- 
ber of 
worms 


Uteri containing 
unsegmented eggs 


An- 

terior 


I 

II 


r 18 

17 

III 



14 

IV 



30 

V 

a 

g.I. ^ 7-12 feeta . . 
S.I. 3f-42 feet . . 
Cecum 

28 

. 14 
' 28 


Pos- 

tei'ior 


Per 

cent 


N. spathiger 


IS 

14 

31 

13 

22 


91 

100 

95 

96 
89 


Num- 
ber of 

Uteri containing 
unsegmented eggs 

worms 

An- 

terior 

P'OS- ■ 
terior 

'■ Per' 
cent 

6 

10 

6 

10 

1 6 

10 ■ 

100 

100 

1 

. 1 

■ ■ . 1, 

100 

4 

: 4 ■ 

4 

100 

5 

19 

. , 

IS 

5 

■18 , ' 

100 

96 

6 

6 

6 

100 


* s.r. 7 12 feet, etc. : section of smalUntestlne measured from anterior end 



FREQUENCY- UNSEGMENTED EGGS 



FREQUENCY -TWO CELL EGGS 

Fig. 2. The number of unsegmented eggs in each uterus of Nematodmis filicollis 
plotted against that of 2-cell eggs in the same uterus. The positive correlation shown 
is taken as an index of continuity in egg-laying by individuals. See Table 4 for the 
mean value, for each sheep, of the various segmentation stages. 

a total of 100 unsegmented eggs. Comparison of this 3 : 1 ration was 
made with that of the same cleavage stages in eggs found free in the 
lumen of the intestine of this same region (Table 3). Here numbers 
were respectively 64 and 30, approximately a 2: 1 ratio. In view of the 
small numbers involved and the lag in time between the laying and the 
examination of eggs found in the lumen the ratios are considered to 
approximate sufficiently to establish the validity of the numbers of the 
unsegmented eggs as a measure of the relative egg-laying rates of worms. 

On reference to Table 6 it can be seen that among all five sheep the 
percentage number of uteri which contained unsegmented eggs ranged 
from 89 to 100 per cent for N, filicollis, and from 95 to 100 per cent 
for iV. spathiger. These facts, coupled with the previously drawn con- 
clusion that similarity of the ratios of numbers of unsegmented to 2-cell 
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eggs (Tabie 4) indicated continuity in egg-laying, lead to the additional 
conclusion that almost the entire population in each sheep was laying eggs 
at the time of sampling. 

It is notCAVorthy that in sheep V, from which infection was in process 
of being eliminated, egg-laying was taking place, though at a retarded 
rate. 


Tabi-e 7. — The frequency of numbers of unsegmented eggs in ufero in populations of 

N. filicollis 


Sheep 

Class. 
Number of 
unsegmented 
eggs in utero 

1 Frequency 

Anterior 

uterus 

Posterior 

uterus 

Individual 

worms 

I 

0- 4 

2 

o 

1 


5- 9 

4 

_ 



10-14 

7 

3 

1 


! 15-19 

5 

5 

1 

1 20-24 

— 

*■> 

2 

1 25-29 

_ 

3 

3 


1 30-34 

— 

*'> 

O 

2 


35-39 



2 


40-44 

— 

__ 

2 


45-49 


- 

3 

II 

0- 4 

2 

. 2 

1 


5- 9 

5 

_ 



10-14 

7 

6 

1 


15-19 


2 

2 


20-24 

_ 

2 

4 


25-29 

— 

2 

1 


30-34 

■ 

— 

1 


35-39 

- 


4 

m 

0-4 

6 


- 


5- 9 

22 

4 

2 ' 


10-14 

3 

'14 

4 


15-19 

_ 

11 

10 


20-24 


i 2 

7 


25-29 

_ 

__ 

0 


30-34 

- 


2 

IV 

0-4 

1 

1 



5-9 





10-14 

•4 

_ 

1 


15-19 

8 

3 



20-24 

1 . 

3 

1 


25-29 

— ■ ■ 

6 

1 


30-34 

— 

1 

1 


35-39 

_ 


5 


40-44 



4 


45-49 

- 

- 

. . 1 

V 

0- 4 

4 

18 

2 


5- 9 

n 

8 

6 


10-14 

12 

4 

8 


15-19 

1 

3 

3 


20-24 

— 


, ^ 


25-29 

— 

— 

3 


30-34 



1 


35-39 

_ ■ 




40-44 

1 

. ^ ~ ■ 

■ '' ■, , 


The inter-host differences in magnitude of the mean number of uterine 
unsegmented eggs per individual (Table 4) and the tendency in a popula- 
tion of worms from one host for the uterine number of unsegmented eggs 
to fluctuate according to the curve of error (Table 1), suggest that the 
mean \alue is an index of the particular set of conditions in which the 
populations were found. It would follow as a corollary that fecal egg- 
numbers also are a measure of these conditions. A further corollary 
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would be that periodical fluctuations in the fecal egg count have signifi- 
cance in this connection. 

In the estimation of the absolute mean fecundity, from fecal counts 
and the numbers of females found at autopsy, the foregoing indicate that 
the mean values refer to the modal rate of egg production of the worm 
population at a particular point of time. Variance in the mean values 
found for a species, it is concluded, reflects not variance in the numbers 
of worms which have contributed to the population of eggs, but rather in 
the particular level for the whole population of the tide of egg production 
at that time. 

SUMMARY 

A study was made of degree of segmentation and numbers of in utero 
eggs of N. filicollis and N, spathiger. It is concluded that : 

1. At any one point of time almost the entire population of worms is 
laying eggs. 

2. The numbers of unsegmented eggs in utero indicate the relative 
fecundity of worms. 

3. Among a population of worms the individual fecundity fluctuates 
about a mean according to the normal curve of error. 

4. The absolute mean rate of egg production for individual worms as 
determined from fecal egg numbers and the population of females found at 
autopsy, refers to the modal rate of egg production at a particular level 
in the fluctuating tide of egg production. 

5. Fecal egg numbers are an index of the relative behavior of the 
population as a whole to a particular set of conditions at one point or over 
a short period of time. 
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EARLY DEVELOPMENTAL STAGES OF STRIGEID TREMA™ 
TODES IN THE FIRST INTERMEDIATE HOST^ 

W. W. CoRT AND Louis Olivier 

HISTORICAL INTRODUCTION 


Although the life cycles of more than twenty species of strigeicls have 
been worked out more or less completely, very little is known of the germ 
cell cycle in this group or of the early stages of development in the first 
intermediate host. We have found only three studies of strigeid mira- 
cidia which give information on the germ cells. Van Haitsma (1930) 
considered as primordial germ cells a small but variable number of large 
granular cells which he found in the posterior end of the miracidium of 
Diplostomum flexicavidiim (Cort and Brooks, 1928) . In one of his figures 
(PI. XLV, Fig. 24) he showed four such cells in a row, and labelled 
them “germ cells.'’ Hunter and Hunter (1935, PL C, Fig. 1) depicted 
a single “germ ball" in the posterior end of the mii'acidium of Crassiphiala 
{-Uviilijer) ambloplitis (Hughes, 1927). Park (1936) observed a 
“germ cell sac" near the posterior end of the miracidium of Neodiplo- 
sfomum lucidum La Rue and Bosnia, 1927, which contained a coarse 
granular fluid and from one to several large floating germ cells. He also 
regarded as germ cells other large cells lying in the parenchyma anterior 
to the “germ cell sac." 

Looss (1896) seems to have been the first to see a strigeid mother 
sporocyst. He described and figured (PL XV, Fig. 162) this stage of 
Cere aria vivax Sonsino, 1892, which was later shown by Azim ( 1932) 
to develop into an adult of the strigeid family Cyathogotylidae. Looss 
also made some very interesting observations on daughter sporocysts of 
this species. In the youngest daughter sporocysts outside the mother, 
which were only about 0.3 mm in length, he found twu types of germinal 
elements (“corps germinatifs”) free in the body cavity. Some of them 
were evidently cercarial embryos. The others were irregular structures 
divided into three or four distinct segments each composed of groups of 
cells. Looss siiggested that these segments probably separated to form 
cercarial embryos. In the figures of an older sporocyst in which cer- 
cariae were beginning to be differentiated he also showed several of 
these compound structures (PL XV, Fig. 165). 

Sewell (1922, p. 284) reported the finding of mother sporocysts of 
Cercaria Indicae XV, a form closely related to C. vims. The largest 
were almost 10 mm in length and had a terminal birth pore. 

Received for publication, January 15, 1941. 

*A contribution from the University of Michigan Biological Station and the 
Department of Helminthology, School of Hygiene and Public Health, the Johns 
Hopkins University. 

493 



THE JOURNAL OF PARASITOLOGV 


Mathias (1925) exposed snails to large numbers of the miracidia of 
Strigea tarda [■=■ Cotyhmis cornntus (Rud.) ] and examined them at in- 
tervals to follow early development. In this way he obtained early stages 
of mother sporocysts, which showed the metamorphosis from the mira- 
cidia (PI. II, Fig. 9 a, b, c). He probably had multiple infections since 
he exposed the snails to large numbers of miracidia. He concluded that 
the sporocyst that metamorphosed from the miracidiuni (^^sporocyste 
primitif’) produced a number of new sporocysts (“sporocystes pri- 
maires’’) by transverse fission. The latter then invaded the tissues of the 
snail and gave rise to another generation of sporocysts (''sporocystes 
secondaires^*) which in turn produced the cercariae. Mathias believed 
that mother sporocysts reproduced by transverse fission because they 
were often divided into segments by constrictions in the wall (Fig. 9 d) . 

Brooks (1930) included four species of strigeids m the material used 
in his study of the germ cell cycle of digenetic trematodes. From the 
examination of sections of young daughter sporocysts he concluded that 
the germ cells (‘^antecedent germ cells’’) lie free in the body cavity. 
According to his view these “antecedent germ cells” form “germ masses,” 
which are rather loosely associated groups of undifferentiated cells. 
These masses later separate into their individual cells (“exconiponents”) 
each of which produces a cercarial embryo. He interpreted this method 
of reproduction as a “specific polyembryony or blastotomy.” 

Wesenberg-Lund (1934) found the mother sporocysts of five differ- 
ent species of strigeids in examinations of naturally infected snails. They 
were present along with fully developed daughter sporocy sts containing 
mature cercariae and were all old and almost empty. He recognized 
them as mother sporocysts from their large size and because they con- 
tained a few small daughter sporocysts. They varied considerably in 
length in the different species and some of them were divided into sec- 
tions by constrictions. 

Hunter and Hunter (1935) found structures which they interpreted 
as mother sporocysts in snails naturally infected with U, ambloplitis. 
These structures were only 0.2 to 0.3 mm in length and had definite eye- 
spots. 

MATERIALS AND METPIODS 

Most of the studies reported in this paper were made on strigeid in- 
fections found in juveniles and adults of Stagnicola emarginata angulata 
(Sowerby) collected in the Douglas Lake region during the summer of 
1940. In the examination for infections the bodies of the snails were 
carefully removed from the shells and observed with a low power binocu- 
lar microscope. If no sporocysts were seen on the surfaces of the organs, 
we then teased the tissues apart with dissecting needles, looking most 
carefully in the region between the digestive gland and the foot. When 
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a mother sporocyst was found, we tried to remove it unbroken for mea- 
surement and study while still alive. Daughter sporocysts were studied 
in the same way. Several intra vitam stains, particularly neutral red, 
were tried but in most cases the details could be worked out best from 
unstained specimens mounted in normal saline. 

Some of the infections, although obviously strigeids, could not be 
specifically identified because of their immaturity. In other cases, how- 
ever, we were able to study mother sporocysts and young daughter sporo- 
cysts from infections in which some of the cercariae were mature enough 
for identification. 

DATA FROM THE OBSERVATIONS 

Mother sporocysts: A total of 21 strigeid mother sporocysts from 
naturally infected juveniles and adults of S. emarginata angnlata were 
studied during the summer of 1930. Ten were in infections too imma- 
ture for identification ; six belonged to Diplostomiim flexiccmdum (Cort 
and Brooks, 1928) ; two to Cercaria laruei Cort and Brooks, 1928; two 
to C. emarginata e Cort, 1917 ; and one to C. dohema Cort and Brackett, 
1937. In addition, a mother sporocyst was recovered on November 5, 
1940 from a laboratory raised juvenile of 5’. emarginata angiilata which 
had been exposed 25 days before to niiracidia oi Diplostomiim micra- 
demmi (Cort and Brackett, 1938). All these mother sporocysts with 
the exception of one found on the surface of the basal portion of the 
digestive gland, were laced in among the organs and ducts between the 
foot and digestive gland. Frequently a portion of the sporocyst pro- 
jected from the surface of the undissected snail body, but many of them 
were found only after careful dissection of the tissues under the mantle 
on the upper side of the foot. 

Almost all the mother sporocysts observed had already given off most 
of their daughter sporocyst progeny. They were sometimes found in 
infections in which there wei'e mature cercariae. In such cases/the in- 
fection W'Ould also contain a whole series of immature daughter sporo- 
cysts in the various stages of development. A few of the mother sporo- 
cysts, however, still contained all or most of their daughter sporocyst 
brood. When in position in the host all but a few of the very oldest 
mother sporocysts appeared as inflated sacs of uniform diameter. When 
' freed intact in normal saline they moved actively ; but when they were 

, removed to slides for microscopical examination they were easily broken 

if and frequently sections would collapse. Strigeid mother sporocysts 

have thick walls consisting of a thin cuticula, muscular layers and a single 
layer of cells bordering on the large body cavity. The anterior end is 
attenuated and has a terminal birth pore (Figs. 1, 2). 


Most of the mother sporocysts were considerably larger than the 
daughter spoi'ocysts, especially in width. Four> from infections too im- 
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Fig. 1. Anterior end of mother sporocyst of D. flcxkaudwn showing birth pore 
;^IG. 1. Complete mother sporocyst of D. flcxicaudum. 

Figs. 3-7. Outline drawings of germ masses from strigeid mother sporocysts 
Ail drawn to same scale. 

xU'G. S. Germ mass from mother sporocyst showing large and small multicellu- 
lar components and also single-celled components. 

Fig. 9. Very young daughter sporocyst embryo fa germ ball) . Note similarity 
to largest component of germ mass (Fig. 8) . ^ 

_ Fig. 10. Older daughter sporocy.st embryo drawn to same scale as Fio- 9 show- 
ing elongation. ® ' 

Fig. 11. Daughter sporocyst embryo. 0.07S mm long. Note germ masses in 
body cavity, each composed of several cells. 

• u ^^"Shter sporocyst embryo, 0.2 mm long. Note o-erm masses 

m body cavity which already have many celled components. ^ 
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mature for identification, were 5, 7, 10, and 12 mm long. Those of Z), 
I flcxicaiidimi measured up to 10 mm in length and varied from 0.13 to 

I 0.32 mm in diameter. Two of C. measured 17 and 25 mm in 

: length and one of C. emarginatae was about 8 mm long and 0.3 mm wide. 

Except for the larger size in C. lamei no specific dififerences were ob- 
served among the mother sporocysts of the five species. Differences, 
however, will probably be found when more material becomes available 
for comparative study. Mother sporocysts live and continue to repro- 
duce for a considerable period of time (at least five or six weeks and 
probably longer) since they were frequently found in infections from 
which large numbers of cercariae were escaping. 

Contents of mother sporocysts: In most of the mother sporocysts 
elongate slender daughter sporocysts were found which appeared to be 
about ready to emerge. There were also present the various develop- 
mental stages of the daughter sporocysts, and a few peculiar structures, 
which could be easily distinguished fi'om the daughter sporocyst embryos 
by their irregular outline. They will be referred to as germ masses, 
using the term employed by Brooks (1930) for similar structures in 
daughter sporocysts. 

Germ masses: The germ masses found inside the mother sporocysts 
were few in number. They varied in length from about 0.05 to 0.12. mm 
and were composed of a variable number of components all enclosed by a 
thin membrane (Figs. 3-7), The largest components which were 
usually at the ends were composed of a mass of cells and were com- 
pletely surrounded by their own membrane. In a few cases the large 
end components were seen partly split off from the rest of the germ mass. 
The germ masses also contained smaller components composed of cell 
groups and a few distinctly separated single cells near the middle of the 
mass (Fig. 8), 

i Daughter sporocyst emh'yos: The youngest daughter sporocyst em- 

i bryos (Fig. 9) were small spherical structures about 0.025 mm in diam- 

eter composed of a number of cells and enclosed by a thin membrane in 
which flattened nuclei could sometimes be distinguished. They were 

Fig. 13. Daughter sporocyst (embryo) 0.8 mm long from mother sporocyst. 
Note that only germ masses are present in the body cavity. 

Fig. 14. Daughter sporocyst dissected from snail tissue and evidently i*ecently 
emerged from the mother. Note many germ masses but also a number of Very' 
, ■■ ■ young cercarial embryos. 

Fig. 15. Outline drawings of germ masses from daughter sporocysts before they 
emerged from the mother. Drawn to same scale. ^ 

Fig. 16. Outline drawings of germ masses from young daughter sporocysts dis- 
sected from snail tissue. 

Fig. 17. Germ mass from daughter sporocyst showing large and small multi- 
cellular components and also single celled components. 

' Fig. 18. Very young cercarial embryo. Note similarity to larger components 

! of germ mass (Fig. 17). 

Fig. 19. Cercarial embryo slightly older than in Fig. 18. 
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about the same size and had exactly the same structure as the largest 
components of the germ masses. A daughter sporocyst embryo in 
slightly later stage, which was more elongate but in which no differen- 
tiation of the cells could yet be distinguished, is shown in Fig. 10. In 
daughter sporocyst embryos about 0.05 mm long the body wall could be 
first seen as separate from the germinal material in the cavity; and at a 
somewhat later stage, about 0.07 to 0.08 mm long, the wall was very 
clearly separated from the contents of the body cavity (Fig. 11), The 
body wall in these early daughter sporocyst embryos was comparatively 
thick and consisted mainly of the single layer of large cells lining the 
cavity. The geimiinal material at this stage was organized into a number 
of germ masses, the components of which appeared to be single cells. 
An older stage (Fig, 12), about 0.2 mm in length, contained gemi masses 
in which some of the components already consisted of cell groups. Still 
older daughter sporocyst embryos were studied in a 2 5 -day-old mother 
sporocyst of D. micradenimi which developed from an experimental in- 
fection. About 20 daughter sporocysts were observed in this mother, 
none of which appeared to be ready to escape. Seven that were measured 
varied from 0.31 to 0.46 mm in length and from 0.03 to 0.05 mm in 
width. The numbers of germ masses they contained could be easily 
counted and varied from 12 to 19. 

Daughter sporocyts ready to emerge from the mother (Fig. 13): 
Daughter sporocysts which appeared to be about ready to emerge from 
the mother were quite mobile and had a considerable power of extension 
and contraction. They varied in length from about 0.6 to 1.0 mm and 
were sometimes as much as 0.1 nim in diameter. The anterior end of 
the daughter sporocysts at this stage was attenuated and very mobile and 
the body cavity did not extend into it. No trace of the birth pore could 
be seen. A careful examination disclosed that the body wall w^a,s com- 
posed of a thin outer cuticula, muscular layers, and a single layer of cells 
bordering on the body cavity. In the body cavity were a number of 
germ masses which did not fill the cavity and which moved back and 
forth in it with the movement of the sporocyst. Sometimes the germ 
masses were crowded into less than half the length of the cavity. The 
number of germ masses in a series of 18 of these daughter sporocysts 
varied from 13 to 23 with an average of 17. The material examined 
was not sufficient to determine whether the number of germ masses 
varies with the species. These germ masses varied in length from 0.02 
mm to almost 0.12 mm. While essentially like those found in the mother 
sporocysts, they were generally somewhat smaller and tended to be more 
elongate. They had a variable number of components, the typical ar- 
rangement of which is shown in Fig. 15. Single cells were never found 
in the body cavity of daughter sporocysts. In only three cases were 
early cercarial embryos seen in daughter sporocysts still within the 
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mother. Gne of these was a daughter sporoeyst of Z9. flexicaudiini, 0.8 
mm in length, which contained, in addition to 20 germ masses, four cer- 
carial embryos. Also, in two daughter sporocysts of C. emarginatae 
which were still within the mother there were two and six of these very 
young cercarial embryos. These findings and the constant presence of 
cercarial embryos in the youngest daughter sporocysts found outside the 
mothers, indicate that the first cercarial embryos are just beginning to 
appear at the time of emergence of the daughters from the mother. 

Daughter sporocysts from host's tissues: In young infections the im- 
mature daughter sporoc 3 ^sts may all be located among the organs in front 
of the digestive gland; some, however, always reach this gland rather 
early in the development of the infection. In older infections in which 
some cercariae have reached full development, the daughter sporocysts 
will have invaded almost the whole of the digestive gland, but numbers 
of them remain between the foot and this gland. In a number of cases 
the mother sporocysts still contained a few daughters after the infection 
had reached maturity. In such infections a whole series of the different 
developing stages of daughter sporocysts w^ould be found in the snail's 
tissues, including some about the same size as those still contained in the 
mother. 

Most of the youngest daughter sporocysts outside the mothers showed 
an increase in size (Fig. 14). In their body cavities mixed in with the 
germ masses were varying numbers of the youngest cercarial embryos 
(Fig. 18). They were very much like the youngest daughter sporoeyst 
embryos and were also about the same size and of exactly the same struc- 
ture as the largest end components of the germ masses (cf. Figs. 17 and 
18). Each consisted of a spherical mass of apparently undifferentiated 
cells surrounded by a thin membrane containing a few flattened nuclei. 
These youngest cercarial embryos increased considerably in size while 
still appearing as a mass of cells (Fig. 19). Soon the individual cells 
could not be seen and the size increased further. Later the differentia- 
tion of body and tail occurred. As the daughter sporocysts increased in 
size, the nttmber of developing cercarial embryos rapidly increased but 
the number of germ masses apparently remained constant. 

A series of counts of the germ masses and cercarial embryos was 
attempted in young daughter sporocysts of different sizes dissected from 
the tissues of the snails. One unidentified daughter sporoeyst 1.3 mm in 
length contained 18 germ masses and 24 cercarial embryos, the largest of 
which w'as only about 0.06 mm long as compared with 0.12 mm for the 
largest germ mass. In a sporoeyst of C. laruei 1.34 mm in length, there 
were 18 germ masses and about 40 cercarial embryos some of wdiich 
showed considerable differentiation; and in a sporoeyst of C. emarginatae 
of about the same size there were 17 germ masses and 25 very young cer- 
carial embryos. The contents of three unidentified daughter sporocysts 
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1.8 to 2.0 mm in length were also counted. They contained 20, 26, and 
16 germ masses respectively and about SO, 93, and 100 cercarial embryos, 
tlie oldest of which had not yet reached the stage of tail differentiation. 
In a few larger sporocysts up to over 4 mm in length counts were made 
which gave the impression that even at the stage where the cercariae 
show a well differentiated body and tail there was no reduction in the 
number of germ masses. Fig. 16 shows germ masses from the young 
daughter sporocysts after their escape from the mother. 

In a considerable number of mature and old daughter sporocysts of 
D. flcxicaudum, C. laruei, C. emarginatae, and C. yogena Cort and 
Brackett, 1937, from 2 to 10 germs masses were still found, scattered 
among cercarial embryos in all stages of development. We could not 
be certain that there was really a reduction in the numbers of germ 
masses in such sporocysts because the numerous cercarial embryos tended 
to obscure them. Germ masses and immature cercarial embryos were 
even found in sporocysts so old that they were almost entirely empty. 
The germ masses found in mature and old sporocysts differed little from 
those in the immature sporocysts. In 12 such germ masses the number 
of multicellular components varied from 4 to 9 and the single celled com- 
ponents from 2 to 5. We have gained the general impression from these 
observations that there are fewer germ masses in the oldest sporocysts 
and that those that are left have somewhat fewer components. The most 
significant point, however, is that even in old sporocysts, which are partly 
empty and beginning to degenerate, germ masses and very immature cer- 
carial embryos may still be found. 

Nmnhers involved in development: We obtained a little information 
on the number of daughter sporocysts and cercariae normally produced 
from a single miracidium. In one case more than 50 daughter sporo- 
cysts in addition to some germ masses and developing embryos were 
found inside a mother sporocyst; and in another case over 60 daughter 
sporocysts were dissected from the tissues of a juvenile snail. Although 
it will have to be checked by later studies, we have the general impres- 
sion that the number of daughter sporocysts produced , by a single mother 
may be considerably larger. Finally, in one daughter sporocyst 8.7 mm 
in length in which none of the cercariae were mature we counted almost 
1,000 embryos. 


DISCUSSION 


The data from our investigations given above make it possible to 
understand more clearly some of the phases in the life cycle of the stri- 
geids. On the basis of the descriptions of Van Flaitsma (1930), Hunter 
and Hunter (1935), and Park (1936) it appears that strigeid miracidia 
contain only a small number of germ cells. It is suggested that each of 
these germ cells develops into a germ mass when the miracidium meta- 
morphoses into the mother sporocyst. Our observations indicate to us 
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that these germ masses give rise to the daughter sporocyst embryos by 
splitting off their larger components and are the only source of daughter 
sporoc 3 ^st embryos. The striking similarity between the youngest 
daughter sporocyst embiyos and the largest of the germ mass compo- 
nents supports that view. Also, the germ masses are loosely organized 
and in many cases the largest components appear to be ready to split off 
or are even occasionally partly separated from the rest of the mass. Evi- 
dently daughter sporocyst embryos begin to split off from the germ 
masses rather early in the development of the mother sporocysts. This 
would account for the production of the first mature cercariae in about 
six weeks after the penetration of the miracidium into the snail (Van 
Haitsma, 1930; Mathias, 1925). New daughter sporocyst embryos are 
split off over a considerable period of time, probably a month or even 
more. The evidence for this is that mother sporocysts which were 
obviously old and which had produced daughters which were already 
mature contained germ masses and young daughter sporocyst embryos. 
To make possible this long period of production of daughter sporocysts 
it is evident that the cells of the germ masses must continue to divide and 
to produce new components as the largest ones break off. 

We did not find the slightest evidence in our studies that mother 
sporocysts reproduce by fission or fragmentation as suggested by 
Mathias (1925). 

Our studies also suggest that very early in the development of the 
daughter sporocyst embryo a small number of cells of the germinal line 
come to lie in the cavity surrounded by the soma and that each of these 
develops into a germ mass. We believe that these germ masses of the 
daughter sporocysts are the only source of cercarial embryos and give 
rise to them by the splitting off of the largest components. There is 
considerable evidence for this view. In the first place, germ masses are 
the only structures we have seen in the body cavities of the developing 
daughter sporocysts up until about the time that they emerge from the 
mother; we have constantly looked for single germ cells but have never 
found them. Also, the youngest cercarial embryos are strikingly like 
the largest end components of the germ masses. Finally, it has been 
observed that the largest components may be loosely attached to and even 
partly separated from the rest of the germ mass and appear to be ready 
to break off. 

As suggested for the germ masses of the mother sporocysts, the single 
cell elements of the germ masses of the daughters must continue to divide 
and produce, new multicellular components to take the place of those that 
are split off. The best evidence that such division does occur comes 
from the fact that the germ masses of old daughter sporocysts in which 
large numbers of cercariae have been produced still have single-celled 
components. Also, the total number of components in the germ masses 
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found ill a young daughter sporocyst is much smaller than the number 
of cercariae usually produced by each daughter. 

The most significant contribution made in this study is the descrip- 
tion of the germ masses of the mother and daughter sporocysts and the 
elucidation of the method of production of the daughter sporocyst and 
cercarial embiyos. It is not at all surprising that germ masses have not 
been recognized previously in mother sporocysts since so little attention 
has been paid to this phase of the strigeid life cycle. Perhaps the single 
'''germ balF' that Hunter and Hunter (1935, PL C, Fig. 3) figured in the 
posterior end of the mother sporocyst of U. amblopUtis^ and the groups 
of cells shown by Mathias (1925, PL II, Fig. 9) in the end segment of 
a mother sporocyst of C. cornutus were really gemi masses. 

On the other hand, the germ masses of the young daughter sporocysts 
of strigeids are such conspicuous and unusual structures and so different 
from all the stages of the cercarial embryos, that it is surprising that they 
have not been observed more often. As noted above Looss (1896) de- 
scribed what appear to be germ masses in his studies of young sporocysts 
of C. vivax. He even suggested that cercarial embryos were produced 
by the separation of the multicellular components of these structures. 
Also, the "germ balls” figured by Mathias (1925, PL HI, Fig. 4) in the 
body cavity of a young sporocyst were undoubtedly germ masses. 

Brooks (1930) came the closest to a correct interpretation of the part 
played by the germ masses in strigeid development. He interpreted 
them as masses of cells formed by the division of the original germ cells 
(“antecedent germ cells”). According to his view the cercarial embryos 
were formed by the breaking up of these masses into single-celled “ex- 
components” each of which foimied a cercarial embryo. He described 
and figured single cells, which he interpreted either as “antecedent germ 
cells” or “excomponents” in the body cavities of young strigeid daughter 
sporocysts. We have found only germ masses or cercaidal embryos, 
never single cells, in the body cavities of the young living daughter sporo- 
cysts we have observed. This difference in observations was not due to 
the use of different material, since two of the species Brooks studied, C. 
lariiei and the cercaria of D, flcxicaudum, w^ere also studied by us. It 
may be significant in this connection to note that when daughter sporo- 
cysts were kept too long in normal saline, the youngest cercarial embryos 
tended to disintegrate, freeing numbers of single cells. Since Brooks 
made all his studies on fixed and sectioned material, it may be that some 
of the embryos or germ masses disintegrated during fixation or manipu- 
lation. It is also significant that the two strigeid germ masses which 
Brooks figured (PL III, Figs. 40 and 42) clearly show many-celled com- 
ponents and that he suggested that these components were the early 
stages of cercarial embryos, which had precociously developed before the 
single-celled components were separated from the germ mass. 
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Most of the recent studies of the germ cell cycle of digenetic trema- 
todes support the theory of “germinal lineage’’ (Dollfus,, 1919; Brooks, 
1930; Cable, 1934; and Chen, 1937). According to this view repro- 
duction in the first intermediate host is brought about by the segregation 
of germ cells, which early in embryonic development come to lie in the 
body cavities of the sporocysts or rediae. These germ cells multiply and 
eventually give rise to numerous progeny apparently without undergoing 
maturation or fertilization. Our w^ork on the early developmental stages 
of the strigeids fits in with this view. In this group, however, a great 
multiplication of individuals is brought about by the development from 
the germ cells of a limited number of discrete structures, the germ 
masses, w^hich produce numerous progeny over a considerable period of 
time. This development of daughter sporocyst and cercarial embryos 
by the splitting off of components from the germ masses may perhaps be 
considered as a special type of poly embryony. 


ADULT 


/ MIRA- 
CIDIUM 


CERCARIA 


MOTHER 


DAUGHTER 


Fig. 20. Diagrammatic outline ot the life cycle of a strigeid, Diplosfomiim 
flcxicaudum. 
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SUMMARY OF THE LIFE CYCLE IN THE STRIGEIDS 

From the evidence given in the preceding discussion, the life cycle in 
the strigeid group may be considered as a succession of three generations 
in two of which there are phases of reproduction by a special type of poly- 
embryony (see Fig. 20). The first generation begins with the fertilized 
ovum produced by the adult, includes the free living miracidium, and ends 
with the mother sporocyst parasitic in the first intermediate host. The 
second generation begins with the few germ cells set aside in the devel- 
opment of the miracidium which produce the germ masses found in the 
mother sporocyst. These germ masses give rise to the daughter sporo- 
cysts which leave the mother sporocyst to finish their development in the 
tissues of the first intermediate host. The third generation starts with a 
small number of germ cells separated from the soma early in the develop- 
ment of the daughter sporocyst embryo. These produce germ masses, 
the end components of which begin to be freed as cercarial embryos at 
about the time the young daughter sporocysts escape from the mother. 
New cercarial embryos continue to be formed in the same way during 
the whole life of the daughter sporocysts. The cercariae escape from 
the snail host and penetrate into a second intermediate host where they 
go through a long period of metamorphosis to produce the fully developed 
metacercariae. These, after transfer to the definitive host, develop in a 
comparatively short time into adults. 
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A REDESCRIPTION OF CONTRACAECUM MULTIPAPIL-^ 
LATUM (VON DRASCHE, 1882) (NEMATODA: 
ANISAKINAE) 


John T. Lucker 

Zoological Division, U. S. Bureau of Animal Industry 

In this paper the writer presents a redescription of Contracaecuni 
miiltipapillatum htQ2X\st it is evident from the literature (1) that the 
species concept of von Drasche (1882) needs more detailed and coxiiplete ; 

definition and (2) that the descidption by Skrjabin (1916) of an entirely 
different species as identical with Ascaris nmlfipapiUata has resulted in 
confusion as to the morphological characteristics of von Drasche’s species. 

The specimens which the writer regards as identical with A. multi- 
papillata von Drasche, 1882 and upon which this redescription is based 
were examined in connection with a study of representatives of the sub- 
family Anisakinae in the Helminthological Collection of the U. S. 

National Museum. 

In addition to the following review of the literature and redescription 
of von Drasche’s species, this paper includes a proposal of a new name 
for the specimens wiiich the wmiter regards as misidentified by Skrjabin. : 

REVIEW AND CRITIQUE OF THE LITERATURE . i 

Von Drasche's (1882) description of Ayram included ? 

no statements as to the nature of the digestive tract and was incomplete i; 

in several other respects, but w''as sufficient to permit recognition of the ! 

species. Stossich (1896) mentioned the species but added nothing con- i 

cerning its morphology. As has been noted, Skrjabin (1916) published 
a detailed description of '‘Contracoecum midtipapillosa (Drasche 
1882) Obviously, Skrjabin considered that he had redesciibed As- 
caris mmltipapillata and had allocated the species, on the basis of the 
structure of the specimens before him, to the genus Contracaeciim Rail- 
Met and Henry, 1912. Howwer, in the specimens from Ardea de- 
scribed by Skrjabin, interlabia were absent, whereas von Drasche de- 
scribed and figured interlabia in Ascaris mtiltipapillaia, Skrjabin stated 
that 10 pairs of postanal papillae w^ere present in his specimens, 7 pairs 
being lateral in position and 3 pairs submedian. He did not mention the 
presence of double papillae. His illustration of the lateral aspect of the 
male tail (PL 24; Fig. 8), accoi^ding to the legend pertaining to it, indi- 
cated the presence of 7 pairs of lateral postanal papillae ; evidently, the 
subnledian papillae were intentionally omitted from the figure, \An 
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Drasche (1882) stated that 10 postanal papillae (obviously from his 
figure, 10 pairs) are present in the male of A. multipapillata; he noted 
that papillae 5-10 are arranged in two rows behind the anus and that 
papillae 5 and 6 may be regarded as a double papilla. In one specimen, 
von Drasche found a third papilla united with these two on one side of 
the tail. His figure showed that 2 of the 4 pairs of papillae in the sub- 
terminal group were lateral or sublateral in position; possibly, 2 pairs of 
the single papillae just behind the cloaca might be considered sublaterals, 
but their position ordinarily would be regarded as subventral. Hence 
von Drasche figured 8 pairs of subventral and 2 pairs of lateral postanal 
papillae in A, multipapillata. This arrangement differs markedly from 
that described by Skrjabin. 

It should be noted that Skrjabin's illustration (PL 24; Fig. 8), con- 
trary to his statements in the legend and text, appears to show that the 
7 postanal papillae figured actually were subventral rather than lateral 
in position. However, since the remaining 3 of the 10 postanal papillae 
reported to be present were not figured, the only existing evidence as to 
their position is Skrjabin's statement that it was submedian. Therefore, 
it cannot be shown on the basis of any justifiable interpretation of the 
data given by Skrjabin that the postanal papillary pattern of his speci- 
mens was identical with or closely resembled that figured for A, nmltU 
papillata by von Drasche. Finally, the fact that Skrjabin’s specimens 
were reported to lack interlabia leaves no alternative but to conclude 
that they were of a species distinct from von Drasche’s. Although 
Skrjabin, therefore, did not clarify the structure, or establish the sys- 
tematic position of A, multipapillata, he could have been credited with 
the transfer of the species to Contracaecum had his spelling of the specific 
name corresponded to that of von Drasche. 

In the same year, Gedoelst (1916) assigned ^^Ascaris multipapillata 
Drasche 1882” to Kathleena Leiper and Atkinson, 1914, without, how- 
ever, combining Kathleena and multipapillata, Baylis (1920) synony- 
mized Kathleena with Con&acaecum, and tentatively included in Con- 
tracaecum all of the species referred to Kathleena by Gedoelst ; he also 
made the combination “Contracaecum multipapillatum (v. Drasche, 
1882)”. As has been previously stated, von Drasche did not describe 
the digestive tract of Ascaris mult ip ap ilia fa and, so far as is evident 
from their papers, neither Gedoelst nor Baylis had any knowledge con- 
cerning its structure. Actually it is of the Contracaecum type. Thus, 
Baylis (1920) receives credit for the transfer of von Drasche's species 
to Contracaecum for he first made the proper combination. 

Later writers have referred to C: mulfipapillatum, but have con- 
tributed no information as to its morphology with one probable excep- 
tion. Walton (1923) mentioned the species in discussion and Layman 
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and Mudretsova (1926) included ''C. multipapillata'' in their key to spe- 
cies of the genus. It is evident from this key that the Russian authors 
had in mind the specimens described by Skrjabin (1916), not C. inultl- ' 

paptllatum (von Drasche). Cram gave an account of the morpholog}’ 
oi ‘^ContracaecitmmiiM (Drasche, 1882) Baylis, 19201)’’; it 

combined data and illustrations taken from both von Drasche and Skr- ’ : 

jabin and, therefore, must be regarded as actually relating to two spe- 
cies. Witenberg (1929) mentioned '*'C. nmltipapillostim (Drasche)”, 
but apparently his remarks were based on Cram's account. Hsu (1933) 
described the esophageal glands of ''Confracaecum nmltipapillafmn 
(Drasche, 1882) ”. While Hsii's paper contained no reference to specific [ 

characters, there is no reason to question his identification and it may be 1 

presumed that his work first established that the Contracaecum-type 
esophagus occurs in von Drasche's species. So far as the writer has 
been able to determine, there have been no other referencs to C. multi- ' , 

papUlaHtm, X : ' 

1 

Coniracaecum jnultipapillafiim (von Drasche, 1882) Baylis, 1920 ' r 

Synonymy: Ascaris multipapillata von Drasche, 1882; A. nmlfipapUIosa Skr- 
jabin, 1916 [=^ x4. muUipapillosa Drasche 1882 of Skrjabin (1916) ] ; nec Contra- * 

caectim multipapillosa Skrjabin, 1916 [=Contracoecum nmltipapillosa (Drasche 
1882) of Skrjabin (1916)]. 

Description: In median optical section of body, edges of cuticular striae in 
region just behind lips serrated (Figs. 1, 2, 3) ; diameter of head less than diameter • 

of body just behind lips. Lips widest near anterior extremities and narrowest at ; 

base ; height and greatest breadth about equal. Anterior margin of pulp only '' 

slightly indented medially and antero-iateral margins more or less rounded when j 

outer surface of lip is viewed (Fig. 3) ; cuticle extending beyond pulp anteriorly and i 

inwardly toward axis of mouth, medially indented forming two lobes (Figs. 3, 5) ; \ 

cuticle also extending beyond pulp in antero-iateral regions forming more or less 

triangular wing-like projections (Figs. 3, 5). From angle of greatest lateral expan- ' ; 

sion outline of cuticular projections passing toward median line intersecting pulp 
near location of cephalic papillae then curving posteriorly concavely to origin (Fig. ' 

3). Pulp indented just behind location of papillae; outline then curving convexly 
to posterior origin. Internal, principally cuticular, portion of lip narrowest where 
pulp is widest (Fig. 3) . In en face view of lips, pulp divided into an external and 
internal section near base of lips ; external section extending farther anteriorly than 
internal section, but neither extending into anterior internal lobes of lip or extremes 
of antero-iateral projections (Fig. 5). When lip is viewed from outer surface, the 
pulp forms two lateral lobular areas of greatest density which are widest in region 
beneath papillae and taper posteriorly. Inter labia robust in median longitudinal 

section (Fig. 3), nearly as high as lips ; broad at base, curving inward toward mouth j 

axis, tapering anteriorly to rounded tip; roughly triangular in outline when viewed 
from external surface (Ifig. 1). Muscular esophagus long and slender; diameter 
almost uniform. Esophageal ventriculus small, oval, width greater than length. 

Esophageal appendix short, slender, typically 1/7 to 1/8 as long as esophagus. 

Intestinal cecum extending almost to position of nerve ring; voluminous at origin, 
tapering to an anterior tip about equal in diameter to esophagus. Cecum roughly 
4/5 as long as esophagus (Fig. 2), Lateral cervical papillae sessile, near level of 
nerve ring. ■■ , , ■ 

The principal size relationships of 2 female and 5 male specimens are shown in 
Table 1. 



THE JOURNAL 


OF PARASITOLOGY 


00 lO 
ClT-i 


• pj O • P •' 

^ 3 <Ur-^ *P-< 

A PJ bCsSpp ^ ojfl' 

fc4)*p cs bo tjo sc+i w; bo. 
jS'Ti fl CD cs pi'O o5 a - 

^lIS 

M 5Q 1-^ P 





^ Female : Maximum observed length about 35 mm. Vulva near point niarkiiig 
beginning of second third of body length. Tail short, acute, lacking* terminal spike 
or other specialized cuticular or hypodermal processes (Fig. 4). Eggs in iitero 
slightly oval, about 50 u, by 60 p. 

Male : Maximum observed length about 25 mm. Cuticle of ventral surface in 
caudal region with numerous longitudinal intrastrial ridges. Tail short, terminating 
in a rather pointed tip. Preanal papillae about 60 to 70 pairs ; each subventral linear 
series arranged in a single row, except that occasionally a few pairs may form two 
rows immediately in front of the cloaca. Three or four pairs of adanal papillae 
present (Figs. 6-7). Postanal papillae usually 11 pairs, typically distributed as 
follows : A subterminal group of 2 subventral and 3 sublateral pairs ; 6 subventral 
pairs in area between subterminal group and a transverse line through the posterior 
edge of the cloaca, the arrangement on each side being two papillae united to form 
a double papilla, one single papilla lateral to postero-Iateral and three antero-Iateral 
to double papilla (Fig. 6). The middle pair of the 3 subterniinal sublateral pairs 
may be phasmids. Spicules approximately equal; about 1.7 to 1.9 mm long in 
apparently fully grown specimens, ranging down to about one-half this length in 
young specimens. 

Hosts: Mycteria americana {-Tantalus lociilator) ; Anhinga anhinga; Ardea 
herodias. 

Location: Esophagus (?) and stomach. 

Distribution: Brazil; United States (Arkansas, Florida, National Zoological 
Park, District of Columbia.). 

Specimens: U. S. N. M. Helm. Coll. 30593; 30600; 31654. 

Some of the specimens (U.S.N.M. No. 30593) upon w^hich the 
above redescriptioii is based were identified by Dr. E. B. Cram. None 
of the specimens are from the type host of von Drasche’s species; how- 
ever, in position and number the male postanal papillae correspond very 
closely with von Drasclie’s description and the lips and interlabia re- 
semble those figured by him. It will be noted that in the females the 
vulva was in the anterior part of the body ; in the specimens which Skr- 
jabin regarded as identical with C. (von Drasche) the 

vulva was situated at the beginning of the posterior third of the body 
length. 

So far as the writer has been able to determine, von Drasche’s spe- 
cies is valid. It cannot be denied that no disposition has yet been made 
of some of the old specific names combined with Ascarisj but nearly all 
of the species which were recognizable from their descriptions now have 
been redescribed, allocated to proper generic positions, or relegated to 
synonomy. Thus far, it has not been suggested that C. mmUipapillatum 
is identical with any species named earlier. 

The arrangement of the male postanal papillae in C. multipapillatum 
approaches that described for C. gramdosuni and C. osmlaHim, In one 
male examined by the writer, the pericloacal papillae formed two longi- 
tudinal series on each side of the cloaca much more definitely than is 
shown in Fig. 6 ; not only were the 4 single postanal papillae involved, 
but also the adanal papillae and the first 4 precloacal papillae. Thus, the 
similarity to the distribution of the pericloacal papillae in C. osadatum. 
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according to the figures of some authors, was striking. However, from 
a detailed comparison of the writer’s specimens with available descrip- 
tions of C. granidosum and C. osculatum it appears that there are con- 
stant differences in the number and distribution of the postanal and pre- 
anal papillae in males of the three species and that there also are other 
differences of specific value. 

According to Cram (1927) and Ba}dis and Daubney (1922), the 
male of C. rosarium (Connal, 1912) was described as having but three 
pairs of postanal papillae. Nevertheless, the latter authors identified 
some immature specimens from Nyticorax griseus as Connal’s species, 
although they found 9 pairs of postanal papillae on the tail of an imma- 
ture male. The arrangement of the papillae in the group just posterior 
to the cloaca of the male, as figured by Baylis and Daubney, is similar to 
that found in C. and it is quite possible that C. rosarmm 

of Baylis and Daubney (1922) may be identical with C. nmltipapUlatum. 

Hsti (1932) commented on the variation in the number and arrange- 
ment of the male caudal papillae in specimens identified by him as C. 
spiciiligermn; one of his illustrations (PL 1 ; Fig. 6) of the tail of a male 
specimen from a cormorant is very suggestive of C. mdiltipapillaUm^^ C- 
andersoni Vevers, 1923, also seems to resemble C. multipapillatum. 

Contracaecmn ainterlabimn n. sp. 

It is considered expedient at present, for reasons which cannot ap- 
propriately be explained here, to retain in the genus Confracaecum the 
species described by Skrjabin ''Contracoecum multipapillosaf' zY 
though it lacks interlabia and hence does not completely conform to the 
generic diagnosis, as was noted by Skrjabin. Flowever, a newTiame 
must be proposed for the species as will be evident from the following 
discussion. 

Skrjabin attributed the specific name '‘multipapillosY' to von Drasche 
in connection with the citation of a reference to the latter’s paper and 
elsewhere he referred to ''Ascaris multipapillosa Drasche 1882.” Al- 
though subjectively a mere misspelling is involved, objectively Skrjabin 
applied a new name to von Drasche’s species. The first name applied to 
a species is the valid name and Ascaris multipapillosa Skrjabin, 1916, is 
a synonym of Ascaris miiltipapillata von Drasche, 1882, as has been indi- 
cated elsewhere in this paper. ' The name m-ultipapillosa hence is not 
available for Skrjabin’s species, regardless of generic allocation, because 
its status is that of a rejected synonym (Internat. Rules Zool. Nomen- 
clature, Art. 36). Skrjabin’s species, if valid, is hence unnamed. 

Therefore, since so far as can be determined, the species described 
by Skrjabin (1916) from Ardea sp. is not identical with any previously 
described, the designation Confracaectm ainterlabium n. sp. (syn. Con- 
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tracaecum multlpapillosa Skrjabin, 1916 [ 
/oja (Drasche 1882) of Skrjabin (1916)] 
Skrjabin, 1916 [= Ascaris multipapillosa 
( 1916) ] ; nec Ascaris muUipapillata von I 
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Contracaecum multipapillatum 

^ Fig. 1. Latero-dorsal view of head of male specimen showing shape of inter- 
labiimi. 

Fig. 2. Lateral view of anterior region of male specimen showing muscular 
esophagus, esophageal ventriculus and appendix, and intestinal cecum. 

Fig. 3. Dorsal view of head of female specimen showing shape of dorsal lip 
and of interlabia; to simplify the figure the outlines of the subventral lips are 
omitted. (Same scale as Fig. 1.) 

Fig. 4. Lateral view of posterior extremity of female specimen. (Scale one- 
half that of Fig. 1.) 

Fig. 5. En face view of head of male specimen, (Same scale as Fig. 1.) 

Fig. 6. Ventral view of tail region of male specimen showing postanS, adaiial. 
and a few preanal papillae. (Scale one-half that of Fig. 1.) 

Fig. 7. Sublateral view of tail region of male specimen showing postanal, 
adanal, and a few preanal papillae. ^ 



THE ABSENCE OF OPALINIDS FROM TFIE ADULT GREEN 
FROG, RANA CLAMITANS 


F. O. Hazard 

Wilmington College, Wilmington, Ohio 

Opalinas do not ordinarily occur in the adult green frog Rmia clami- 
tans. In examinations of over 200 green frogs I have not found them 
harboring infections of opalinids. This absence has been discussed by 
Metcalf (1923), Van Orden and Nelson (1926), and Hegner (1932). 
Metcalf (1923) states that possibly the opalinids are adapted only to the 
tadpole stage ; that since this species of frog remains for two years in the 
tadpole stage, the cysts are passed from tadpole to tadpole. \fan Orden 
and Nelson (1926) have suggested that opalinids have only recently en- 
tered Rana clamitans and are only in the process of adaptation to the 
adult stage of this frog. Hegner (1932) suggests that digestive secre- 
tions of Rana clamitans render the rectum of the adult frog unfavorable 
to opalinids. 

In the present investigation, experiments w’ere conducted to deter- 
mine if opalinids would live when transferred to adult Rana clamitans 
by cloacal injection. Transfers were made in a solution of Putter’s fluid 
with powdered egg albumen b}^ means of a small pipette. Injections 
were made into the recta of 20 frogs. 

In no case were infections found later than 5 days after inoculation. 
In the majority of cases the opalinids disappeared 3 days after inocula- 
tion. These results agree with Hegner (1932) who, using similar meth- 
ods, recovered a few opalinids from the rectum of 4 specimens of Rana 
clamitans 2 or 3 days after inoculation. On the contrary, Van Orden 
and Nelson (1926) found good infections of Opalina in two specimens 
of Rana clamitanSy 162 and 174 days respectively after inoculation. It is 
interesting to note that these men treated the rectal contents with mag- 
nesium chloride before inoculation. Trichomonads and the fluke Dip- 
lodiscns temperatus which are often present in frogs would have been 
removed by this treatment as results in this laboratory show. These 
parasites were not mentioned by the above authors. 

Trichomonas m REhATioi^ TO Opalina 

In view of the results obtained by Van Orden and Nelson, studies 
were made of the incidence and number of Trichomonas in 19 species of 
amphibia. It was found that Trichomonas a common inhabitant of 
the recta of amphibia in genei*al, and that it was especially abundant in 
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the green irog, Rana chunitans, as well as in various salamanders. Ex- 

amination of r>vcr 100 green frogs, and 87 salamanders showed their 
recta to be swarming with infections of this flagellate. Also, frogs and 
toads harboring both Opalina and Trichonioms showed the number of 
these two parasites to be roughly in inverse proportions; those hosts 
harboring a heavy infection of Opalina showed a very light infection of 
TncJioiuoiias, wliile hosts harboring light infections of Opalina carried 
heavy injections of Triclionwnas. This numerical relationship was also 
observed in the case of rectal niaterial from several specimens of Hyla 
criicijer and Rana pipicns tadpoles which were fed on a carbohydrate 
diet. Both species usual A harbored a heavy infection of opalinidswith 
lew trichomonads ; however, a carbohydrate diet usually promoted a 
heavy trichomonad infection in which case the opalinid infection disap- 
peared. Tn individuals where the diet failed to produce heavy tricho- 
monad infections the o])alinid infection remained. 

Diplodiscus temperatiis in m Opalina 

While studying the possible relationship of Trichomonas to opal- 
mids in the green frog, it was observed that the trematode, Diplodiscus 
tenipcratus, was also usually present. After examination of many Ohio 
gieen frogs, several individuals of the same species were examined from 
Louisiana. Inwall of these frogs the fluke was found to be a common 
inhabitant. After continued observation of the green frog, and other 
amphibia as well, it was found that Diplodiscus and Opalina did not 
occur simultaneously in the same host. Furthermore, it was found that 
this fluke occurred in only a small percentage of green frog tadpoles, but 
that when present the opalinids were invariably absent. Experiments 
were therefore planned for a detailed study of the relations of these two 
parasites. 

For these experiments tadpoles of the green frog wvere used. The 

tadpoles of this species are generally infected with opalinids ; however 
all the tadpoles from a certain small stream in Clinton County, Ohio’ 
wi e found to be uniformly and entirely free from these ciliates. About 
90 per cent of these tadpoles were infected with Diplodiscus with an 
average of about four flukes in each host. The smallest tadpoles, mak- 
ing up about 10 per cent of the collection, were free from flukes. 

Approximately 50 tadpoles from this stream were fed cysts of Opalina 
ohtngonotdea Metcalf (1923), from the leopard frog, Rana pipiens. To 
infect these tadpoles an entire rectum, containing active opalinids and 
cysts, was removed from an adult R. pipiens and placed in the vessel 
contaimng the experimental tadpoles, which fed freely upon this mate- 
rial. The adult opalinids if ingested died before reaching the rectum 
Ingested cysts reached the rectum in about 5 hours where they were 
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obsen^ed either in the process of hatching or as excysted individuals 
measuring from 34 to 40 microns in length. Examination of flukes 
from these tadpoles showed their intestinal crura to be filled with these 
small opalinids (Fig. 1). When the flukes wei*e placed in distilled water 


Fig. 1. Camera Iticida drawing; of Diplodiscus temperatus, details omitted. 
Opalinids, measuring 34 to 40 microns in length, are shown in the intestine having 
been ingested by the fluke soon after their excystment. Cilia are not shown. 

their intestinal contents were regurgitated making possible a more accu- 
rate identification of these ciliates. Many of these protozoa in the lower 
part of the fluke’s intestine w’’ere dead, other more recently ingested indi- 
viduals near the esophagus were still moving about. In all cases the 
opalinids disappeared from the tadpoles in three days unless flukes were 
absent. As previously mentioned the smallest tadpoles did not harbor 
flukes and the opalinid infection of these was usually heavy and remained 
until they were killed and examined. In fact, the opalinids in these tad- 
poles grew to about 175 microns in length, dividing occasionally and 
forming cysts. 

These experiments were repeated several times, and the observations 
on I) confirmed on each occasion. 

Experiments were next conducted to transfer flukes to the rectum of 
frogs harboring opalinid infections. Flukes were removed from both 
the adults and tadpoles of Rana clmmitans, placed in Putter’s fluid and 
injected by means of a small pipette into the recta of a series of swamp 
cricket frogs, Acris gryllus, all of which contained opalinids. One fluke 
was transferred to each of 23 frogs which were opened 2 to 7 days after 
injection. In 10 specimens the fluke failed to establish itself and w^as not 
recovered, apparently having been carried out of the rectum with the 
fecal matter. Normal infections of opalinids remained in these 10 speci- 
mens. From 13 specimens the fluke was recovered and very few or no 
opalinids remained in the recta of these frogs. Four of the recovered 
flukes contained entire opalinids, and fragments of partly digested indi- 
viduals. 
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-Recently 8 tadpoles of Rana clamitans out of a series of 75 examined 
have offered additional evidence which confirms the observations on this 
relationship between the protozoa and the fluke. These 8 tadpoles 
showed simultaneous infections of flukes and opalinids. The opalinid 
infection in all cases was light while examination of the intestinal con- 
tents of the flukes showed the presence of opalinids in various stages of 
digestion. ^ It is interpreted that these tadpoles had just recently become 
infected with the fluke and if the examinations had been made at a later 
period no opalinids would have been found. Incidentally, three speci- 
mens of Nyctotherus cordiformis were also present in one fluke and 
these still exhibited locomotion. 


SUMMARY 

On the ba.sis of this study it is evident that Diplodiscus is partly re- 
sponsible for the absence of opalinids from the adult green frog, Rana 
clanutans. Observations supporting this statement are as follows: (1) 
Diplodiscus ingests opalinids when they are present; (2) in localities 
studied by me the incidence of opalinid infection is very high in the green 
frog tadpoles, whereas the incidence of fluke infectioii is low ; (3) con- 
versel}^ the incidence of opalinid infection is practically nil in the adult 
green frogs, whereas the incidence of fluke infection is very high- (4) 
when flukes are transferred to the rectum of opalinid infected Acris 
grylbis by cloacal injection, the opalinids are reduced in number or com- 
pletely disappear; (5) Trichomonas and Opalina in frogs and toads 
occur m roughly inverse proportions. A carbohydrate diet increases the 
nuni])er of tnchomonads and decreases the number of opalinids. 
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ACOLPENTERON URETEROECETES FISCHTHAL AND 
ALLISON, 1940, A MONOGENETIC TREMATODE 
FROM THE URETERS OF THE BLACK BASSES, 

WITH A REVISION OF THE FAMILY CAL- 
CEOSTOMATIDAE (GYRO^ 
DACTYLOIDEA)^' 

Jacob H. Fischthal and Leonard N. Allison 

Ac olp enter on ureteroecetes, a monogenetic trematode belonging to 
the siiperfamily Gyrodactyloidea, was first discovered by one of ns 
(Fischthal) in the fall of 1939 in the ureters and urinary bladder of the 
large-mouthed bass, Huro salmoides (Lacepede). Since many parasites 
are common to both this species and the northern small -mouthed bass, 
Micropterus dolomieu dolomien Lacepede, the latter were examined for 
this trematode and some were found to be infected. 

This is the first record of a monogenetic trematode from the ureters 
or urinary bladder of fishes. Previously, such trematodes from the 
urinary bladders have been from frogs and turtles. 

A preliminary description of this new genus and species has appeared 
in an abstract by Fischthal and Allison ( 1940) . 

Genus Acolpenteron Fischthal and Allison, 1940 

Generic diagnosis: Monopisthocotylea. Head lappets, eyes and anchors. absent. 
Haptor cup-like, possessing 14 marginal booklets. Sensory hairs present, arising 
from papillae. Testis single, elongated. Ovary elliptical, median. Vagina ventral, 
near right margin of body. Intestinal crura joined posteriorly, without diverticula. 

Type species: Acolpenteron ureteroecetes Fischthal and Allison, 1940. 

Acolpenteron ureteroecetes Fischthal and Allison, 1940 
(Figs. 1-5) 

Specific diagnosis: Acolpenteron, Adults, 0,931 x 0.105 mm. Haptor, 0.057 x 
0.096 mm. Hooklets, 0.023 mm long. Testis elongated, 0.053x 0.016 mm. Seminal 
vesicle and coarse and hyaline prostates at left of, and opening into cirrus. Vas 
deferens sinistral, looping over prostates. Cirrus (0,045 mm long) with forked 
accessory piece; male opening mid- ventral. Ovary (0.062x0.038 mm) thick pos- 
teriorly, thin anteriorly. Oviduct, yolk ducts and seminal receptacle uniting anterior 
to ovary. Mehlis’ gland large, extending from odtype to anterior third of testis. 
Uterus opening near cirrus. Vagina bent, opening ventral, near right margin pos- 
terior to cirrus. Seminal receptacle present. ATtellaria voluminous, extending from 
pharynx nearly to haptor. Pharynx muscular, 0.047 mm in diameter. Esophagus 
short. Intestinal crura without diverticula, confluent posteriorly. 

Eggs (0.075x0.056 mni) operculate, anopercular process short, sharply bent 
and knobbed; 1 egg in uterus at a time; found free in ureters and urinary bladder 
of hosts; passed with urine in single-celled stage; hatching in water after 6-9 days. 
Larva (0.143 x 0.020 mm) ciliated, the cilia arising from 4 groups of cells at ends 
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and middle of sides of body; 4 eyes present, their lenses facing laterally: anterior 
O.OOo mm in diameter, posterior pair 0.008 x 0.010 mm; 14 hooklets 
(0.013 mm long) on cup-like haptor (0.042 x 0.050 mm) ; pharynx muscular, 0.015 
roteting'toTte^right^^'^ lappets and anchors absent; swimming path a long spiral. 

Hosts: Hnro salmoidcs (Lacepede) and Mkroptcrus d. dolomku LacepMe 
/-ocarionj; Ijreters and urinary bladder. 

,,, Huron River, Honey Creek, Whitmore Lake and West Lake in 

Washtenaw County, Michigan. m 

Type and Paratypes: U. S. Nat. Mus. Helm. Coll. No. 42096 and No. 44301. 

Examination of 175 large- and small-mouthed basses varying in size 
from two inch fingerlings to 14 inch adults showed that approximately 
oo per cent of these fish are infected with A. iireteroecetes (Table 1). 

Table l^Incidencc of infection and habitat preference of Acolpenteron ureteroecetes 


Buro sahnohles (LacSpMe)— large-moutliecl bass 


Locality 


Huron River . . 
JSaline River . . 
Honey Creek . . 
Wiiitmore Lake 
West Lake . , . . 
Winan’s Lake . 


Totals 


' No. 
exam- 
ined 


52 


20 ' 
35 


3 

118 


No. 

inf. 


30 

0 

' 2 
8 
3 
0 

43 


inf. 


58 

0 

10 

23 

100 

0 

36 


' No. with 
worms in 
ureters only 


21 
0 
2 
7 
3 

0 ' 

33 

(77% Of the 
43 infected) 


■ No. with 
worms in 
bladder only 


(16% of the 
43 infected) 


■No. with 
worms in 
both places 


3 

0 

0 

0 

0 

0 


(7% of the 
43 infected) 


Mlcropterus d. 


Huron River . . 
Saline ■ River , . 
Whitmore Lake 

■ 'Totals ' 


1 ■ 42 "■ 

1 7' 

! ■S' 

1 

15 

0 

5 1 

j " 36 

0 

! 63 

11 

0 

4 

1 2 

0 

' ' ^ , 1 

•sia 

2 

0 

1 

1 57,. , 

20 1 

35 1 

15 

2 ' , I 

' 

3 

— - — . 




(75% of the 
20 infected ) 

(10% of the 
20 infected) 

(15% of the 
20 infected) 


The data also indicate that approximately 76 per cent of the infected black 
basses^harbor ^^rms only in the ureters, thus demonstrating a much 
greater predilection for the ureters as a habitat. 

The black basses are usually infected with one to five worms. How- 
ever, occasional heavy infections of 22, 39, and 52 adults, respectively 
were oun In the latter case the worms were considerably crowderl 
and several were found in the uriniferous tubules which empty directly 
into the ureters. Eo pathological conditions were observed^ ' 

mon hirf 7 «nnary bladders of fishes probably are more com- 

Ttors t tWs fiek7°wfr'''' is supposed by investi- 

fb I u-7 ^ f' Mroecetes in 

these habitats in the black basses, and also on the more recent finding of 

another new species in the ureters of another species of fish. 
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Family Calgeostomatidae (Paroiia and Pertigia, 1890) 

Price (1937) emended the characters of the Calceosto- 

MATiDAE (Parona and Perugia, 1890) as follows: ^‘Cephalic gland ducts 
not concentrated into head organs but remaining scattered over a con- 
siderable area on either side of anterior end of body, the anterior end 
being expanded and forming head lappets. Haptor sucker-like but not 
strongly muscular, with or without large hooks, with or (?) without 
marginal booklets. Intestine with short diverticula. Eyes present or (?) 
absent. Testis single. Cirrus simple, cuticularized. Vagina present or 
absent.'' 

Genera recognized as belonging to this family are Calceosioma 
Beneden, 1852 and Fridericianella Braudes, 1894. It is the opinion of 
Dr. E. W. Price of the Bureau of Animal Industry and of ourselves that 
the genera Acolpenteron, Anonchohaptor Mntllex, and Anoplodis- 
CHS Sonsino, 1890 should also be placed in this family (see discussion 
below). In order to accommodate these three genera, the family diag- 
nosis must be further emended as follows : 


Family Calgeostomatidae (Parona and Perugia, 1890) 
Char, emend. 


Synonym: Calceostomidae Parona and Perugia, 1890. 

Diagnosis: Ducts of cephalic glands not concentrated into head organs but re- 
maining scattered over a considerable area on either side of anterior end. Anterior 
end expanded and forming head lappets, or not expanded and head lappets absent. 
Haptor sucker-like but not strongly muscular, with or without large hooks, with or 
without marginal hooklets. Intestine with or without short diverticula. Eyes pres- 
ent or absent. Testis single. Cirrus simple, cuticularized. Vagina present or 
absent. 

Type genus: Calceostoma BtnedQn, 1852. 


Key to Genera of Calgeostomatidae 

1. Pair of pseudosuckers present at anterior end of body. 

Anoplodisciis Sonsino 

Pseudosuckers absent at anterior end of body 2. 

2. Vagina absent Calceosioma Btncdtn 

Vagina present 3. 

3. Head lappets absent Ac olp enter on Fischthal and Allison 

Plead lappets present . . . . . . . 4. 

4. Eyes absent; ovary tubular, median Brandes 

Eyes present ; ovary loops around right limb of intestine. 

Anonchohapior'M.vitlltT 


I? 






Genus Calceosioma Beneden, 1852 

Diagnosis: Anterior end of body expanded and forming large curled head lap- 
pets. Haptor cup-shaped, armed or (?) unarmed. Intestinal limbs with numerous 
short diverticula. Eyes present. Testis elongated. Ovary branched. V agina absent. 

Type species: Calceosioma calceosioma (Wagener, 1857) Johnston and Tiegs, 
T922. 
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In this genus Price (1937) included three , species, C. cakeostoma 
( (^cigener, 18o7) (syii., C. elegans Beneden, 1858), C. inerme Parona 
and Perugia, 1889, and C. glandulosum Johnston and Tiegs, 1922 and 
Americt^* representative of the genus has been reported from North 

Genus Brande.^^ 

prominent as in Cakeostorna. Haptor cup-like 
absent ImestinaTtf Placed hooks ; marginal booklets ( ?) absent. Eyes’ 

to testis hitei'tinaj branches with lateral diverticula, united by commissure posterior 

la.er.S V.gin. p, 

'^yp(^ species: Fridericianella oincolaB^ 

^ described the type and only species from specimens 

collected from the eggs qf Arms conmersonii a fresh- and brack- 
ish-water fish from South Brazil. 

Anoplodiscus Somino, 1890 

.P..SXTS " 

species: Anoplodisctis richiardii Somino, ^ ^ 

'^^^^"hed the type species, A. rich iardii horn the 
gtlls of Pagrus orpin, s from the Mediterranean. Monticelli (1905) sub- 
sequently redescribed this species. The only other species so far in- 

trom'u.Tfi *”*"1 '■r Johnston (1930) as A. australis 

from the fins of australis, at Sydney Harbor, Australia. 

MoSlH 1%? u" .f dr the Anisocotylinae 

ionticelh, 1903— a subfamily without a corresponding g-enus and con 

invalid-and later Tagliani (1912) erected for rt the s^Slv' 

stetnlT'"*"- """"r Monticelli’s invalid Anisocotyleyae to the 

' I ^ ail invalid family Anisocotylidae. Johnston and Tiegs (1922) 

n C aeceostomatidae: 

p aced '’i^'theM^^’ (1928) and Gallien (1937) 

*^^0-^0C0TYLiDAE, Subfamily Pseudocotylin^ae. Price 
(1938) mcbded “. . . Anoplodiscus in the Microbothriinae (family 
Microbe hriidae superfamily Capsaloidea) , mainly because the leneral 
organization and the lack of haptoral hooks suggest relationthif wfih 

othtr H”nTthe^^''''^''^'”“'!^ and Leptobothrimn. On the 

9 _ , the presence in Anoplodiscus of eyes and a cirrus with ac 
cessoiy piece suggests affinities with genera of the Gvrodactvioidea It 

Xrt b ' Anoplodiicus mlv show th 

haptoi to be armed with minute hooks in which case it shonfrl K,. f- 

erred to the family Calceostomatidae (Gvrodactyloidea) ” ’ 

In a personal letter, Dr. E, W. Price calces tie folfoing comments: 
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'1 have examined the specimens of the monogenetic fluke -{Acolpenteron 
iireteroecetes) \ . . and am of the opinion that they represent a new 
genus perhaps closely related to Anoplodiscus. In my paper (1938, J* 
Wash. Acad. Sc. 28: 187-“188) I have discussed the systematic position 
of the genus Anoplodiscus. This genus was placed by me in the family 
Microbothriidae, subfamily Microbothriinae. , . . My present opinion 
is that Anoplodiscus and your new form {Acolpenteron) should be 
placed in the Calceostomatidae (Gyrodactyloidea).” 

Genus Anonchohaptor Mueller, 1938 

Diagnosis: Prominent head lappets present. Haptor disc-like without large 
hooks, but possessing 14 booklets, 12 marginal and 2 central. Four eyes present. 
Intestine without diverticula, united by commissure posterior to testis. Testis 
single, small. Ovary looping around right limb of intestine. Vagina ventral, on 
right margin. 

Type species: Anonchohaptor a«07//a/w;w Mueller, 1938. 

This genus contains only the type species which was described by 
Mueller (1938) from the gills of suckers from Chautauqua Lake, N. Y. 
Mueller (1938) records the following comments contained in a personal 
letter from Dr. E. W. Price: ‘^This worm (appears to have) characters 
of both the superfaniilies Gyrodactyloidea and Capsaloidea. In some 
respects it is quite like Fridericianella, if allowance be made for possible 
errors of observation by Brandes. The looping of the ovary around one 
of the intestinal limbs is more or less constant character of the Mono- 
cotylidae (Capsaloidea). The absence of large hooks (anchors) and 
bars is characteristic of F rid eric ianella, although eyes are supposed to be 
missing in the latter genus. The H-like formation of the gut is like 
both Fridericianella and Anoplodiscus. The nature of the copulatory 
organ is definitely of the type occurring in the Gyrodactyloidea (Dac- 
tylogyridae and Calceostomatidae) and not that of Capsaloidea. The 
anterior end of this form seems more capsaloid than gyrodactyloid. Per- 
sonally, I am rather of the opinion that the form should be referred to the 
Calceostomatidae (Gyrodactyloidea).’’ 

SUMMARY 

1. Acolpenteron ureteroecetes originally described by Fischthal and 
Allison (1940) is described in further detail. 

2. This is the first monogenetic trematode to be recorded from the 
ureters or urinary bladders of fishes. 

3. Approximately 36 per cent of the large- and small-mouthed basses 
examined from AVashtenaw Co., Michigan, were infected with this spe- 
cies; approximately 76 per cent of the infected fishes harbored this 
trematode in the ureters only. 

4. It is our belief that the ureters and urinary bladders of fishes are 
more common habitats for monogenetic trematodes than is supposed by 
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investigators in this field. This is based not only on the finding of yi. 
ureteroecetes in these habitats in the black basses but on the more recent 
finding of an additional new species in the ureters of another species of 
fish. 

5. The family Calceostomatidae (Parona and Perugia, 1890) has 
been emended, and to it are now ascribed the genera Acolpenteron Fisch- 
thal and Allison, 1940, Anonchohaptor Mueller, 1938, and Anoplodiscus 
Sonsino, 1890, in addition to the previously included genera Calceostoma 
Beneden, 1852, and Fridericianella Brandes, 1894. 

6. A key to the genera of the family Calceostomatidae is presented. 

7. The diagnosis of each genus is followed by a list of species and a 
brief discussion. 
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Explanation of Plate, 

All figures refer to Acolpenteron iireteroecetes. 
mm for Figs. 1, 2 and 5, and 0.02 mm for Fig. 3. 


Abbreviations 

PG pigment granules of disintegrated eyes 
PH pharynx 
SH sensory hair , 

SR seminal receptacle 

SV seminal vesicle 

T testis 

UP uterine pore 
UT uterus 

V vagina 

VD vas deferens 
VDT vitelline duct 
VIT vitellaria 


AP accessory piece 
CG cephalic glands 
CIR cirrus 
CP coarse prostate 
E esophagus 
H haptor 

HP hyaline prostate 
IC intestinal ceca 
M mouth 
MG Mehlis’ gland 
MH marginal booklet 
OV ovary 
OVID oviduct 


Fig. 1. Adult worm, ventral view. 

Fig. 2. Reproductive complex, enlarged, ventral view. 

Fig. 3. Cirrus and accessory piece. 

Fig. 4. Marginal booklets. 

Fig. S. Hatched egg showing operculum and posterior process. 




STUDIES ON THE MORPHOLOGY AND BIOLOGY OF A 
PSILOSTOME FLUKE* 

Seymour I. Feldman 

During the late fall of 1939, approximately one hundred Stagnicola 
reflexae were brought into the laboratory supposedly infected with an 
echinostome cercaria. Careful study, however, showed that they were 
infected with a psilostome cercaria, closely related to the echinostome 
group, but lacking the collar of spines. 

In checking the literature for the described species of closely related 
cercariae, the writer came upon one described by Cort (1914) as Cer- 
caria reflexae, from Lymnea 'reflexae (= Stagnicola reflexae) from the 
vicinity of Chicago, Illinois. This cercaria resembled the one found at 
Edina, Minnesota, to a remarkable degree. However, since flame cell 
patterns were unknown at the time of this description (Cort, 1914), it 
was impossible to compare the two forms in this respect. Nevertheless, 
the writer is firmly convinced that they are identical, 

Sewell (1922) placed Cercaria reflexae together with the cercaria of 
Himasthla militaris in the ''Reflexae’’ group. The latter species is an 
echinostome which shows no spines in the cercarial stage, but has a very 
distinct collar of spines in the adult. Although Sewell recognized the 
close relationship between these two cercariae, in view of our present 
knowledge, he was incorrect in asserting that Cercaria reflexae was prob- 
ably a larval stage of a species of the genus Himasthla. 

MATERIAL AND METHODS 

The cercariae and rediae were best studied in the living condition. 
For the detailed morphology of the excretory s^^stem, cercariae were 
•Stained vitally with neutral red and Nile blue sulphate, and studied under 
a vaseline-ringed coverslip. Measurements of the cercariae were all 
taken from specimens fixed in the following manner ; cercariae were set 
in a refrigerator (38*^ F) for 3 to 4 hours, after which time they were 
fixed in hot Gilson’s fluid. This method was found to be very satisfac- 
tory for fixing cercariae in the extended condition. Fixed specimens 
were then stained with Mayer’s paracarmine, dehydrated, cleared in 
meth5d salicylate and mounted in clarite. Rediae were fixed in alcohol- 
acetic-formalinXA.F.A.), stained and mounted as described above. 

Received for publication, January 29, 1941. 

* Contribution from the Department of Zoology, University of Minnesota. The 
writer wishes to express his sincerest gratitude to Dr. Wm. A. Riley for his many 
valuable suggestions and criticisms during the course of this investigation. Thanks 
are also due to Dr. F. G. Wallace for his assistance during the course of this work. 
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experiments were obtained from naturally 
The metacercariae of Psilostorniim re- 
ercaria reflexae) were found naturally in 
I- gyrina. These two snails and Heliosoma 
:ted w'ith the cercariae in the laboratory. 

ory-reared tadpoles, but all 
s of the species mentioned 
two snails were placed 
■eflexae producing large 
hours, after which time they were removed 
In each case the cercariae penetrated the snail and 
cavity ; the metacercariae were readil}'- seen 
■hite spheres against the black pigmented mantle 
They were infective five to seven days after encystment. 

to young chicks, mature worms 
...ree inches in front of the cae- 
was autopsied eleven hours 
showing well-developed testes and 
i ovary and cirrus pouch were 


were unsuccessful. Laboratory-reared snail 
above were all infected in the following manner .* 
in an isolation bottle with an infected Stagnicola r 
numbers of cercariae for 48 
to another container, 
encysted in the mantle 
niacroscopically as w 
cavity 

After feeding infective metacercariae i 
were found in the small intestine, two to thr 
cum, five days after infection. One chick 
after infection and four young worms f 
the beginning of the development of the 
recovered. 

Several species of birds and mammals 
ments with positive results only in chick; 
eral breeds were used in this series oi 
majority were infected soon after hatchii 
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termine if a bird trematode might be made to mature in a mammal whose 
body temperature closely approximated that of a bird. Three mice were 
used in this experiment. Their body temperatures were raised by the 
procedure described above and they were then fed the metacercariae and 
maintained at 98° F. Three days later they were autopsied, and all mice 
were negative. 

Psilostomum reflexae 
The Cercaria 
(Figs. 3, 4, 5) 

Description: Relaxed, the body of the cercaria is elongate, sides more or less 
parallel with a slight tapering at the anterior end. Oral sucker powerful, terminal 
and slightly oval in outline 0.039-0.054 mm (mean 0.046 mm) long by 0.043-0.050 
mm (mean 0.046 mm) wide. Acetabulum protrusible, considerably larger than oral 
sucker, 0.066-0.074 mm (mean 0.071 mm) in diameter, located just posterior to the 
mid body. Pharynx broadly oval, about one-half. the diameter of the oral sucker; 
esophagus extends just anterior to the acetabulum where it bifurcates iiito the two 
intestinal caecae ; the latter extend to the posterior end of the body. Ten to twelve 
cephalic duct openings present just anterior to the oral sucker. 

Excretory bladder with one chamber; entire excretory system echinostome-like. 
Two large excretory siphons arise mesally with a common stem from the anterior 
end of the excretory bladder; siphons proceed laterally for a short distance and then 
anteriorly and dorsally in four loops to the posterior level of the acetabulum and 
continue again ventrally and anteriorly to the level of the pharynx in three or four 
short loops. The anterior part of each siphon contains many highly refractive 
granules. At the level of the pharynx the siphons make a wide loop and proceed 
posteriorly as the main excretory tubules to the posterior margin of the excretory 
bladder where they make another wide loop. The tubules proceed anteriorly to a 
short distance behind the acetabulum where they are no longer visible. The main 
collecting tubules are approximately one-half the diameter of the siphons. Twenty- 
eight flame-cell-like tufts or cilia were observed in the main collecting tubules. It 
was impossible to elucidate any flame cell pattern by any technique known to the 
writer because of the extensive distribution of the cystogenous glands. Forty -two 
pairs of flame cells and a median unpaired flame cell ventral to the posterior margin 
of the bladder were observed. Of these, nine pairs were found anterior to the fore 
margin of the acetabulum; thirty-three pairs were found scattered throughout the 
region posterior to the acetabulum. Tail 0.487-0,574 mm (mean 0.524 mm) by 
0.052-0.070 (mean 0.061 mm) tapering posteriorly to a point; tail highly muscular. 
A narrow duct leads from the middle of the posterior margin of the excretory blad- 
der into the tail region for a short distance where it bifurcates into a right and left 
fork at about one-third the tail length; no flame cells were observed in the tail. 
Tail provided with a dorsal and ventral fin fold which extends from the tip to the 
level of the excretory bifurcation. 

The cercariae of P. reflexae were active swimmers, and under labora- 
tor} conditions remained motile for approximately twelve hours. Soon 
after, they settled to the bottom and crept along the surface of the isola- 
tion bottle in measuring-worm fashion with the aid of their powerful 
suckers for a short time. After fifteen hours most of the cercariae were 
dead. The cercariae emerged every morning between 6 and 10 AM, 
although in several instances they did not emerge until mid-afternoon. 
At these times it was observed that the intensity of light in the laboratory 
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was greatly reduced. Several experiments were attempted in order to 
determine if intensity of light had any significant effect on the time of 
emergence of the cercariae. In order to test this, one half of the infected 
snails were placed in a dark box and one half in front of a window. The 
snails left in the open were examined the following mornings and in all 
cases the cercariae had already emerged. The snails kept in the dark- 
showed no swimming cercariae at the same time. Although this condi- 
tion was observed on numerous occasions, available data do not justify 
a final conclusion regarding the effect of light intensity on the time of 
cercarial emergence. 

The Redia 
(Fig. 2) 

_ Description: Body sacculate. Distinct collar with four lobes present in the ante- 
rior part of the body; birth pore located slightly posterior to one of the dorsal lobes. 

posterior locomotor appendages of variable size and activity are located at 
the posterior third of the body. Oral sucker poorly developed; large musc^r 
pharynx situated just posterior to the oral sucker and terminal in position Gut 
•ventral, extending from the pharynx to the level of the locomotor appendages • filled 
with dark brown or orange brown granules. Germ balls and developing cercariae 

the develjng ctLriar by 

_ The rediae of F. reflexae were studied from naturally infected Staq- ' 
nicola reflexae. No mother rediae or sporocysts were observed. This 
was probably due to the fact that all the infected snails had infections of 
long duration._ Daughter rediae w^ere found in the liver, gonad and 
■I ney o the infected snail host in prodigious numbers, frequently de- 
stroying most of the tissue of these organs. When removed from the 
tissues, the rediae were of variable size; the older and larger were orange 
to brown in color, the younger and smaller forms colorless. 

The Metacercaria 

1 f Td P- reflexae differs from that of the closely re- 

ated P. ondatrae Pnee, 1931 in the type of intermediate host utilized 
and in the thickness of the cyst wall. The former encysts in snails and 
has a three-layered cyst wall 0.039-0.042 mm wide, while the latter is 
characterized by a very thin cyst wall and is found in the lateral line canal 
and under the scales of several species of fish. The cysts of P. reflexae 
are spherical with a mean diameter of 0.259 mm while those of P anda- 
trae are elongate and measure 0.32 mm by 0.21 mm. All attempts to 
S! 1 rupturing the cyst wall or by means of arti- 

Hcial digestion methods were futile. 

The Adult 
(Fig, 1) 
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the body length, 0.42-0.62 mm (mean 0.46 mm). Entire surface beset with small 
triangular spines arranged in close alternate rows ; spines become less numerous in 
the hind body. Two rows of cuticular spines in the region of the oral sucker dis- 
tinctly separated from the rest of the body spines by a width of 0.02 mm; first of 
these two rows contains ten spines, second row twelve to fourteen. This latter con- 
dition is highly suggestive of the collar of spines found in tlie echinostomes. Oral 
sucker subterminal, 0.06-0.09 mm (mean 0.07 mm) in diameter. Acetabulum in 
anterior third of body, larger than oral sucker, 0.11-0.16 mm (mean 0.13 mm) in 
diameter. Prepharynx very short ; pharynx oval, well developed, 0.05-0.07 mm 
(mean 0.06 mm) by 0.05-0.06 mm (mean 0.055 mm). Esophagus long, 0.20-0.23 
mm (mean 0.22 mm), dividing to form the intestinal caecae just anterior to the 
acetabulum. Caecae increase in width as they extend toward the posterior part of 
the body. Excretory pore subterminal and ventral; bladder truncate; main tubules 
readily observable in the forebody of the living specimens as highly branched struc- 
tures reaching the level of the pharynx. 

Testes tandem, spherical or slightly oval, located in the middle of the hind body. 
Anterior testis 0.12-0.17 mm (mean 0.13 mm) by 0.11-0.20 mm (mean 0.18 mm) ; 
posterior testis 0.12-0.17 mm (mean 0.13 mm) by 0.14-0.21 mm (mean 0.19 mm). 
Cirrus pouch oval, slightly dorsal, either to the left or right of the acetabulum and 
never extending beyond its posterior margin. Seminal vesicle large, 0.13 mm in 
length, in some cases occupying most of the cirrus pouch; cirrus simple, slender and 
short. Prostate gland well developed. Genital pore situated between the acetabulum 
and the bifurcation of the intestine. 

Ovary anterior to the testes, round or oval, slightly to the left of the median 
line of the body; diameter 0.09-0.11 mm (mean 0.10 mm). Shell gland present, 
well developed ; yolk ducts pass to a voluminous yolk reservoir situated anterior to 
the anterior testis. Seminal receptacle and Laurer’s canal not visible. Uterus short 
with few convolutions, containing six to eight eggs. Vitelline follicles large and 
closely distributed, extending to the level of the acetabulum on either side and con- 
verging posteriorly behind the hind testis to form a single compact mass filling most 
of the post-testicular region of the body. Eggs yellow-brown in color, 0.07-0.09 
mm (mean 0.08 mm) by 0.05-0.06 mm (mean 0.056 mm). 

Habitat: Small intestine. 

Host: Domestic chicken (experimental). 

Collateral types: U.S.N.M. No. 36762. 

The above description of P. reflexae is based on a study of ten collat- 
eral t 3 ^pes taken from the experimental chick host. 

TAXONOMIC RELATIONSHIPS 

The family Psilostomibae was erected by Odhner in 1913 to include 
five genera of worms, all echinostome-like in their morphology and all 
parasites of birds. It was divided into two subfamilies, Psilostominae 
Liihe, 1909 and Orghipedinae Skr jabin, 1913. The former subfamily, 
which includes the gtnerd^ P silo Psilochasmus, is of chief 
interest here. The genus Psilostomum was erected by Looss in 1898 to 
include three species of wrorms. Of the original three, only the type 
species, P. hrevicolle (= platyumm Muhling) still stands as valid. 

Looss in his generic diagnosis, described the esophagus of Psilo- 
stonmm zs ''fehlend oder sehr ktirz.^’ It was indeed unfortunate that he 
chose to describe this structure with so broad a term as ^'sehr kurz,” In 
the eight known species of Psilostomum, the esophagus ranges from “no 
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esophagus'" to one 0.324 mm in length (P. arvicolae Schul?' ■» i 
Dobrowa, 1933). P. re flexae i^lls somewhat between these t\\ 
tremes, since its esophagus has a mean length of 0.22 mm. The p ted 
lem of erecting a new genus for P, arvicolae and P. reflexae prest* The 
itself. After a careful study of the other morphological features, a all 
after comparing these with similar characters in the recogniz td speciark 
of Psilostoniiim, it was not believed that there was any justification udi- 
erecting a iiew genus for this variation in morphology. Since the wriitify 
was unable to study any of the described species of Psilostommn we of 
the exception of P, ondatrae Price, he has little choice but to accept tb 
all as valid. 

P. reflcxae dififers from P. redact urn Nicoll, 1906, P. variiiiii Linlc? 
1928 and P. brcvicolle Creplin, 1829 by the presence of an esophag 
In the latter three species the esophagus is completely lacking. It a,nQs. 
differs from P, ondatrae Price, P. cyg-nei Southwell and Kirschner, 19 
and P. progencticnm Wisniewski, 1932 by possessing an esophagi^^J 
longer than 0.1 mm. P. reflexae differs from P. anncolae Schulz ared 
Dobrow’a in that the latter lacks an oral sucker and has an acetabulu:’^^ 
approximately 0.4 mm in diameter. 


DISCUSSION 

The life cycle herein described is the fourth knowm cycle of this 
PsiLOSTOMiDAE. P. rcfiexae agrees morphologically and biological .of 
wfith other psilostomes and echinostomes in their salient features. Thend 
are several specific differences in morphology mentioned in the text, ie- 
reflexae is more host specific than any of its close relatives. P. ondafraiQ 
has been reported naturally from the muskrat. Ondatra mbethica and tire 
California gull, Larns calif ornicits by Price (1931) and from younj 
chickens by Newsom and Stout (1933). It has also been reported froi. 
an osprey, P andion haliaetits carolinensis and from Cooper’s haw’k 
Accipiter cooperi by Beaver (1939) w-ho also experimentally infectec ‘ 
pigeons, chickens, ducks, and canaries. Sphaeridiotrema globulus has 
been found in a variety of ducks by Szidat (1937) and Psilotrema spicu- 
hgerum has been found in ducks, turtle doves, hens, quails, and mice b\' 
Mathias (1925). 

The wniter attempted to infect ducks, .sparrows, pigeons, rats, guinea 
pigs, mice, rabbits, cats, and chicks. Only in the last mentioned hoc:f<;; 
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Dblems related to host specificity. At present, the iiatiire of host 
city in the Trematoda is to a very large extent a matter of con- 


ciit . SUMMARY 

SUt; : . 

Cer ana reflexae Cort, 1914 was found in Stagnicola reflexae in 
dia vicinity of Edina, Minnesota. 

Rediae were found naturally in the same snail host. None of the 
stages in the primary snail host were produced experimentally, 
the 5. Metacercariae were found naturally in the mantle cavity of Physa 
and Stagnicola reflexae. These two snails and H eliosoma sp, 
■e been expeidmentally infected. 

Aid. Metacercariae were found in the same snail which produced the 
P^^:ariae. The former are infective five to seven days after encystment. 
^^-5. Psilostomnm reflexae (Cort, 1914) was found in the small intes- 
1. e of the chick after feeding the metacercariae. The adults mature in 
- ^ dB.ys, No pathological anatomy was observed. 

6. The natural host of this trematode is probably another snail eating 
li d, but as yet no natural infections have been found. 

^^ 7. Eggs pass out with the feces in an early segmentation stage. De- 
%pment occurs on the outside. Miracidia are not known, 
c 
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Fig. 1. Adult Psilostomum reflexae showing general morphology. 

Fig. 2. Redia of P. reflexae. 

Fig. 3. Cercaria of P. reflexae showing details of the excretory system. 

Fig. 4. Cercaria showing excretory system of the tail region and the caudal fin 
s.. 

Fig. 5. Cercaria showing protrusible acetabulum. 

All scales in millimeters 




THE “GOPHER,” CITELLUS RICHARDSONII (SABINE), 
AS AN EXPERIMENTAL HOST FOR 
TRICHINELLA SPIRALIS 

Edward P. Offutt^ Jr., and O. R. McGoy* 

Trichinella spiralis is noted for its ability to parasitize a wide variety 
of hosts. Experimentally, it is able to develop in all species of mammals 
that have been tested and even in certain birds (1, 2). Although the 
course of infection has been studied quantitatively in only a few animals, 
it is apparent that the parasite exhibits different degrees of pathogenicity 
in different hosts. Thus, rats are relatively insusceptible and readily 
develop a high degree of resistance to reinfection (3, 4), whereas guinea 
pigs (5, 6, 7) and monkeys (8), are relatively susceptible and are killed 
by comparatively small doses of larvae. Compared to rats, these animals 
develop only a slight degree of resistance to reinfection. 

The purpose of the present experiments was to test the susceptibility 
of the “gopher,” Citellus richardsonii (Sabine), to infection by Trichinella 
spimlis zxid to measure the ability of this host to develop resistance to 
reinfection. 

MATERIALS AND METHODS 

The experimental host, Citellus richardsonii (Sabine), commonly 
called the “gopher,” is a small rodent which is widely distributed in the 
North Central States and the adjacent parts of Canada. The adult ani- 
mals vary in weight from 400 to 1000 gm. They live in burrows in pas- 
tures and fields. They are usually herbivorous, but may be sufficiently 
carnivorous to devour sick or weakened members of their own or related 
species. As far as the writers are aware, Citelhts richardsonii (Sabine) 
has never been reported as a natural host for Trichinella spiralis: 

The animals used in the present experiments were captured in North 
Dakota. In the laboratory they were confined in metal cages and fed a 
diet of commercial, dog chow. They were infected by the administration 
through a stomach tube of larvae that had been obtained by 

digestion from the muscles of infected rats. The methods used for count- 
ing the adult worms and the encysted larvae in the infected animals w^ere 
similar to those used in earlier experiments with rats (3). (The counts 
of adult worms include the worms found in the cecum and large intestine 
as well as those present in the small intestine. Comparatively few worms, 
usually less than 10 per cent, were found in the former location.) 

Received for publication, February 9, 1941. 

From the Laboratory of Parasitology, Department of Bacteriology, School 
of Medicine and Dentistry, University of Rochester, Rochester, New York. 
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EXPERIMENTAL 

Twenty-three ^‘gophers’' were infected with from 2 to 40 Trichinella 
laiwae per gm of body weight (Table 1). Five of them (No. 1, 2, 4, 17, 


Table 1 . — Course of injection in '^gophers'' that zvere fed from 2 to 40 
Trichinella spiralis larvae per gram of body weight 


Lan'ae 
per gm 
of body 
weight 


Died — 

No. of days 
larvae fed after in- 
fection 


Ratio 
to in- 
fecting 
dose 


No. of adult Per cent No. of 
worms in of larvae larvae in 

intestine fed muscles 


’Oopiier' 

No. 


Ewperiment 1 


Experiment 2 


* Animals that were killed. 

t Reinfected before death. 

and 18) died within 4 weeks, before it was possible to make an accurate 
count of the number of larvae in the muscles. Seven other animals were 
reinfected in order to test their resistance, thus interfering with the deter- 
mination of the number of adult worms present in the intestine as a result 
of the first dose of larvae. The data for the remaining 11 animals are 
complete. 

Each of the 23 “gophers” used became infected with the parasite and 
each, with only one or two exceptions, showed a marked loss of weight 
during the course of the experiments. Substantial numbers of adult 
wonns were found in the intestines of nearly all of the animals that died 
or were killed at a time more than 4 weeks after infection. Thus, two 
“gophers” (No. 13 and 21) that died after 8 weeks harbored 240 and 870 
worms, respectively, representing 22 and 20 per cent of the numbers of 
larvae fed. In two instances (No. 12 and 16), a few worms still per- 
sisted 13 weeks after the feeding of the larvae. As far as the writers 
are aware, this is the maximal length of life that has been reported for 
adult trichinae in any host. 


1 

40 

24,400 

■ 4 

12,860 

53 



2 

40 

12,400 

16 

2,720 

22 



3' 

40 

17,200 

31 

2,960 

17 

2,sio,6oo 

163 

4 

20 

12,800 

5 

7,200 

56 


5 

20 

13,600 

31 

1,340 

10 

1,670,000 

123 

6 

20 

12,800 

72“^ 

0 

0 

2,313,000 

181 

7 - 

10 

4,800 

77 

210 

4 

1,778,000 

370 

8 

10 

5,800 

SO 



1,815,000 

313 

9 

10 

6,200 

79 

t 


1,671,000 

270 

10 

5 

2,550 

98* 

t 


978,000 

383 

11 

5 

2,600 

105* 

t 


898,000 

345 

12 

5 

3,300 

91 

40 

‘i 

1,418,000 

430 

13 

14 

2 

1,100 

58 

240 

22 

1,028,000 

935 

2 

960 

98* 

..... t 


233,000 

243 

15 

2 

1,000 

105* 

. ....t 


937,000 

937 

16 

2 

980 

95 

t 


620,000 

632 


17 5 

3,150 

14 

1,720 

54 



18 5 

3,650 

23 

2,440 

67 



19 5 

3,680 

37 

2,170 

59 

1,900,000 

521 

20 5 

2,150 

39 

2,150 

51 

1,613,000 

750 

21 5 

4,300 

56 

870 

20 

1,678,000 

390 

22 2 

1,020 

31 

340 

33 

460,000 

451 

23 2 

I 1,020 

[ 70 

0 

0 

438,000 

430 
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A measure of the susceptibility of a host to Trichinella infection is 
provided by the ratio of the number of the larvae that encyst in the 
muscles to the number of the larvae that were originally fed. In 18 of 
the ‘^^gophers/’ this ratio showed great variation, the range being from 
123 to 937 times the infecting dose and the average 437 times. Part of 
this variation may be explained by the fact that many of the animals died 
while invasion of the muscles was still taking place, thus permitting the 
young larvae that had not yet encysted to be lost during the process of 
digestion. 

Five '^gophers,’" which survived for 13 weeks after the initial dose of 
larvae, were fed a second dose of from 2 to 5 larvae per gm of body w^eight. 
One animal died and the others were killed within 2 weeks after the 
second infection. All of them showed numerous adult worms in their 
intestines, representing from 40 to 100 per cent of the larvae fed in the 
second dose. Two other “gophers'’ (No. 8 and 9) acquired a second 
dose of larvae accidentally by feeding upon the carcass of an infected 
“gopher” that had died in their cage. Both animals died within 3 days 
and w^ere found to harbor 15,400 and 11,530 adult worms, respectively. 
These few tests discouraged further reinfection experiments, because it 
seemed evident that any immunity that could be demonstrated in “gophers” 
would be insignificant as compared to the high degree of immunity devel- 
oped by rats. It is possible, however, that some resistance to reinfection 
might be demonstrated in ‘^gophers” if smaller test doses were fed to 
animals that had had a longer time in which to recover from the initial 
infection. 

DISCUSSION 

From the data available, as Roth (6) has pointed out, guinea pigs, 
monkeys and humans appear to be the most susceptible hosts to Trichinella 
infection, whereas rats, mice, rabbits and swine are relatively insusceptible. 
The present experiments indicate that the “gopher,” Citellus richardsonii 
(Sabine), is also a host that is very susceptible to trichiniasis. Ten of 14 
animals died following infection with doses as small as from 2 to 5 larvae 
per gm of body weight. Adult worms, furthermore, persisted in the intes- 
tines of the “gophers” for longer periods of time than have been reported 
for other hosts, the maximal period observed being 13 weeks. The ratio 
of the number of the larvae encysted in the muscles to the number of the 
larvae fed averaged 437 in 18 “gophers.” This figure is much lower than 
that for guinea pigs (approximately 1,000 (6)) or for monkeys (700 
(8)), but it is higher than the ratio for rats (100 to 200, depending upon 
the size of the initial infection (9) ) . The low ratio in the “gophers,” as 
compared to the ratios found in guinea pigs and monkeys, may be ex- 
plained by the fact that on the average only about 50 or 60 per cent of 
the larvae fed to the “gophers” became established in the intestine as adult 
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worms, whereas this percentage is usually greater in the other two hosts 
mentioned. 

SUMMARY 

The ‘^gopher/’ dtellus richardsonii (Sabine), was found to be very 
susceptible to infection with Trichinella spiralis. Ten of 14 animals fed 
doses as small as from 2 to 5 larvae per gm of body weight succumbed. 
Adult worms persisted in the intestines of most animals for long periods 
of time, 13 weeks being the maximal period observed. Five '"gophers'" 
that were reinfected showed no resistance to the test doses of larvae that 
were employed. 
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A CASE OF CORRELATION BETWEEN INFECTION OF SNAIL 
HOSTS WITH CRYPTOCOTYLE LINGUA AND 
THE HABITS OF GULLS 

During the summer of 1939, the writer, while at the Isles of Shoals Marine 
Biological Laboratory, had the opportunity of examining a large number of Lit- 
torina littorea for the immature stages of trematodes. The snails were secured 
from Duck Island, Appledore Island, and Smuttynose Island of the Isles of Shoals 
group off Portsmouth, N. H., and from Boone Island, Maine. In all, 817 snails 
of the species Littonna littorea were examined. Of this group, 75 were infected 
with immature stages oi Cry ptocotyle lingua, a common trematode of gulls. 

A tabulation of the results of the examination of these snails shows that there 
is a correlation between the percentages of infected snails from various areas and 
the relationship of the gulls to these same areas. In areas where there are docks 
from which the gulls are continuously frightened, the writer found no L. littorea 
infected with C. Ihigtia. On the other hand, in the feeding areas of gulls, six col- 
lections involving a total of 501 snails showed 6.2% of the snails infected. In the 
individual collections of this group, the percentages ran from 3.2% to 8.4%. The 
highest incidence of C. lingua in L. littorea is found near roosting and nesting sites 
of the gulls. Of the 86 snails examined from roosting areas, 17 or 19.8% were 
infected. A slightly higher incidence of infection, 20.9%, was found in the 134 
snails examined from two nesting sites. In one nesting area, where the colony is 
small and somewhat scattered, the incidence ran only 14.3% while 30.0% of the 
snails from Duck Island were infected. Here the colony is large and crowded. 

The localization of areas showing different percentages of infection of C. lingua 
in the snail host is in agreement with Stunkard’s assertion (1930. J. Morphol. and 
Physiol. 50 : 143-191) that there are in this species no free-living miracidia but 
that the eggs containing mature larvae are ingested by snails and the miracidia 
escape within the intestine of the snail. If there were free-living miracidia, one 
would not expect such a distinct difference in rate of infection betw^een areas in 
many instances only a few hundred yards apart. The writer found that when fecal 
material from infected gulls was squirted against sea-lettuce or other marine vege- 
tation, the eggs often adhered to such material. L. littorea ingested large numbers 
of the eggs when kept in aquaria with vegetation contaminated with fecal material 
from infected gulls. Thus it is probable that eggs contained in gull feces adhere 
either to the rocks or to the vegetation and that many of these eggs are eventually 
ingested by the snails. Such a contention would account for the fact that the mira- 
cidia apparently are not washed about by the waves. If they were carried about 
by the waves and currents or were capable of locomotion, one would expect a rather 
uniform distribution of the infection in snails over a large area.— C. Clayton Hoff_, 
Urbana, Illinois. Contribution from the Zoological Laboratory of the University 
of Illinois, No. 588. 

THE HELMINTH FAUNA OF A RACCOON 

In August, 1940, on the Edmund Niles Huyck Preserve, Rensselaerville, 
Albany County, New York, a male raccoon, Procyon lotor lotor (Linnaeus), of 
approximately 12 pounds weight was trapped, and its alimentary and circulatory 
systems examined for parasites. The locations from which the parasites were taken 
in the alimentary canal were noted to see whether quantitative data could be gath- 
ered to show that certain regions of the digestive tract were preferred over others. 

Two species of helminths, a nematode, probably Physaloptera maxillaris, and a 
tapeworm, Mesocestoidcs sp., were removed from the alimentary canal. The dis- 
tribution of the former was as follows: 29 individuals in the region of the greater 
curvature of the stomach, 11 individuals 6 inches down the small intestine from the 
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pyloric sphincter, and one individual 12 inches down the intestine from the pyloric 
sphincter. The preference for the stomach bears out the statement of Hall (1916, 
Proc. U. S. Nat. Mus. 50 : 212) concerning the region of the alimentary canal pre- 
ferred by members of the genus Physaloptera: *Tarasitic in the digestive canal, 
especially tlie stomach, of mammals, birds, and reptiles.” 

Sixteen individuals of Physaloptera were removed from the postcaval vessel of 
the circulatory system. The presence of these individuals in the circulatory system 
is apparently abnormal, since members of this genus are typically parasitic in the 
alimentary canals of reptiles, birds, and mammals. 

Fifteen individuals of the genus Mesocestoides were distributed in the small 
intestine in a zone from 15 to 20 inches above the point of union of the small intes- 
tine with the large intestine. 

Acknowledgment is made to Dr. Benjamin Schwartz, Washington, D. G., for 
identifying the two helminths. — ^William Marcus Ingram, Zoological Laboratory, 
Cornell University, 


HEMATOZOA FROM CALIFORNIA BIRDS 

In the course of routine examination of a series of 55 birds collected about the 
Los Angeles area blood smears and impression preparations of internal organs were 
studied. In addition smears of the peripheral blood of 75 birds caught for banding 
purposes on the campus of the University of California at Los Angeles were ex- 
amined. The following summary is a record of the types of parasites and the num- 
bers of infected birds found in the course of this survey : 
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(Psalfriparus minimus minimus) (1), phaiiiopepla {Phainopepla miens) (1), 
hormd4zTk (Otocoris alpestris) (1), golden-crown sparrow {Zonoirickia coron- 
ata) (1). 

There was a much higher infection (60 per cent) found in those birds in which 
complete examination was made, as compared with the infection (18 per cent) found 
in those birds in which only peripheral blood was examined. Similarly, 17 infec- 
tions with more than one parasite were recorded for those birds which were com- 
pletely examined, whereas no cases of multiple infection w^ere recorded from those 
birds from which only peripheral smears were examined. 

From this survey the following are considered ne^v host records : 

Haemoproteus: Brown towhee, spotted towhee, Cooper hawk, Gambel sparrow, 
California thrasher. 

Plasmodium: California thrasher, western mockingbird, California jay. 

Trypanosome: Brown towhee, long-tailed chat, California jay. 

J. Frederick Wohnus and Dwight L. Ryerson, Department of Zoology, Uni- 
versity of California at Los Angeles. 

PARAGONJMUS IN A CAT FROM NORTH CAROLINA 

Two specimens of Paragonimus keliicotfi have been found in a cat from eastern 
North Carolina. Both were adults, one lying free in the thoracic cavity, and the 
other embedded in the lung tissue. No young specimens could be found, either in 
the lungs or in other parts of the body. As far as is knowm to the writer this is the 
first time Paragonimus has been reported from this state, although Smith (1911, 
Proc. Path. Soc. Phila., N. S. 14 : 64) has found the adults in a wild cat from South 
Carolina. Metacercariae have been found in crayfishes from Virginia and West 
Virginia by La Rue and Ameel (1937, J. Parasitol. 23 : 282). — A. B. Hardcastle^ 
Department of Zoology, Duke University, Durham, North Carolina. 

THE POLYCLAD, HOPLOPLANA INQUILINA THAI SAN A PE ARSE, 
1938, FROM THE MANTLE CAVITY OF OYSTER DRILLS 

In May, 1938, a small turbellarian was detected in the mantle cavity of the oj^ster 
drill, Urosalpinx cinerea Say. Dr. Tibbie Hyman has kindly identified this form as 
Hoploplana inquilina thaisana Pearse, 1938, Similar worms were later obtained 
from the rarer gastropod, Eupleura caudata Say. Specimens have been obtained 
from oyster drills from a number of areas within the oyster-growing regions of 
Delaware Bay. 

In studying the distribution and incidence of this worm the oyster drills are 
brought to the laboratory where they are crushed and the soft parts removed and 
placed in beakers of sea water in lots of 30-50. The turbellarians soon leave the 
drill meats and climb the sides of the beaker from whence they are taken for isolation 
and study. This method has objections in that all worms may not climb up the sides 
and because multiple infections are missed. Since the latter are relatively few in 
number this is not a serious omission, and if the data are used only for determining 
relative incidence the former objection is also minimized. Using the above method 
7,886 Urosalpinx were crushed in the past 3 years yielding 266 Hoploplana or 3.4 
for every 100 drills crushed. From 494 crushed Eupleura only 6 specimens or 1.2 
per 100 were obtained. A number of the Urosalpinx (640) were examined indi- 
vidually immediately after crushing by opening the mantle cavity and searching for 
worms, and 28 were found to be infected. Twenty-four of these (89 per cent) had 
only one Hoploplana in the mantle cavity, 3 had 2 worms and only 1 had 3 worms. 
There were 33 lots of drills crushed with worm incidence varying from none in a 
lot of 400 drills to 18 in a lot of 60 drills. Likewise the incidence varied from 0 in 
some parts of the bay to 10 worms per hundred drills crushed in drills collected from 
other areas. Heaviest incidence occurred in drills taken from a station along the 
Cape May Shore of Delaware Bay in the tidal zone. Drills from deeper waters 
seem to be either lightly attacked or to have no worms at all. 
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The tiirbellaria are oval and fiat ranging in size in the living from 0.6 x 0.3 mm 
to 5.0 X 3.0 mm, most specimens being from 1-3 mm long and about three-fourths 
as wide. There are conical tentacles with clusters of tentacular eye spots in and 
around the bases of the tentacles and cerebral eye spots in 2 clusters more anteriorly. 
The nttmber of tentacular eye spots varies significantly with the size of the turbel- 
larian, totalling only 7 in a worm 0.8 x 0.6 mm. There were 34 in a worm 3.1 x2.7 
mm. The penis has a small pointed stylet and the uteri are not united anterior to 
the pharynx. Uteri distended with ova were seen in the larger specimens in the late 
spring and summer of 1939 and 1940. In June and July, 1939, and September, 1940, 
oviposition occurred ■when the turbellaria were isolated in watch glasses containing 
sea water, the egg masses being laid in a single or occasionally double coiled string. 
In 4 batches counted there were 144, 342, 245 and 50 eggs. The ova in one batch 
measured 74-81 |x and in another 89-95 p. in diameter. 

The salinity of the water from which the Urosalpinx were obtained usually 
ranges from 18-25 parts per mille. When live and uninjured oyster drills were being 
experimentally studied for death rate and survival in test waters of low salinity 
(6-11 p.p.m.) it was noted that the Hoploplatia miectlng th^m would abandon the 
host under these unfavorable conditions and could be found on the glass walls of 
the container. This phenomenon occurred in salinities of 6, 7, 8, 9, 10 and 11 p.p.m. 
There is evidence that the turbellarians were injured by these conditions and fre- 
quently appeared moribund when discovered. 

The genus Hopio plana now^ has representatives in the Eastern United States in 
Busycon from the Woods Hole area ( 1894, Wheeler, J. Morph. 9: 195-201) in Thais 
taken from Apalachicola Bay, Florida (1938, Pearse, Proc. U. S. Nat. Mus. 86: 
67-98) and in Urosalpinx znd Eupleur a from Delaware Bay reported here. The 
New Jersey and Florida specimens agree in size and are both smaller than the 
Woods Hole specimens. 

Busycon from Delaware Bay uniformly have been found free from this genus 
of polyclad. 

Much of interest would arise from studies of these molluscs and their mantle 
cavity commensals throughout their geographic range. 

Assistance in the preparation of these materials was furnished by the personnel of 
Work .Projects Administration, Official Project #65-l-22-477.-- Leslie A. Stauber, 
Oyster Research Laboratory , N . /. Agricultural Experiment Station, Bivalve, Nezo 
Jersey. 

NEW NAMES FOR METABRONEMA SALVELim EVJITA AND 
CYSTIDICOLA MINUTA FUnTA. 

Dr. Benjamin Schwartz of the United States Bureau of Animal Industry has 
kindly called my attention to the fact thzt ’Metabronema salvelini Fujita (1939, J. 
Fac. Agric. Hokkaido Imp. Univ. 42 : 239-266) was preoccupied by M. salvelini 
(Fujita, 1922) Baylis (1935, Ann, and Mag. Nat. Hist. 10 s. 16; 378-380) and 
Cystidicola minuta Fujita (1940, Jap, J. Zool. 8: 377-394) by C. minuta Rodhain and 
Vuylsteke (1934, Rev. Zool. et Botan. Africaines 24; 406-409). Accordingly, I 
wish to propose for these homonyms the new names Metabronema ishiii and Cystidi- 
cola chika for M. salvelini Fujita and C. minuta Fujita, respectively. — Tsunenoblt 
Fujita, Faculty of Agriculture, Hokkaido Imperial University, Sapporo, Japan. 

GENUS NAME MARTINEZIA CHANGED TO MARTINEZIELLA 

We have been informed by Dr. Enrique Beltran that the genus name Mar- 
tine da, which we proposed for a species of ameba discovered in the intestine of an 
iguana, Ctenosauria acanthura (J. Parasitol, 1940, 26: 319-321), has already been 
used for an orthopteron. We now propose the genus name Martinesiella in place 
of Robert Hegner and Redginal Hewitt, bistitute de Sahtbridad y 

Enfermedades Tropicales, Mexico, D. F. 
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